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0^ (54) TWe: VACCINE COMPOSITION 



^ (57) Abstract: The present invention relates to an immuno-protective and non-toxic Gram-negative bleb vaccine suitable for paedi- 
atric use. Examples of the Gram-negative stndns frmn which die Uebs are made areM meningitidis, M. catarrhalis and H. irfiuenzae. 
Q The blebs of die invention are improved by one or more genetic changes to the chromosome of the bacterium, including up-regulation 
^ of protective andgens, dowiMi^aiion of inmmnodominant non-protective antigens, and detoxification of die lipid A mxntty of 
^ US. 
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VACCINE COMPOSITION 



FIELD OF THE INVENTION 

The present invention relates to the field of Gram-negative bacterial vaccine 
5 compositions, their manufacture, and the use of such compositions in medicine. More 
particularly it relates to the field of novel outer-membrane vesicle (or bleb) vaccines, 
and advantageous inethods of rendering these vaccines more effective and safer. 

BACKGROUND OF THE INVENTION 

10 Gram-negative bacteria are separated from the external medium by two 

successive layers of membrane structures. These structures, referred to as the 
cytoplasmic membrane and the outer membrane (CM), differ botti stmcturally and 
functionally. The outer membrane plays an important role in the interaction of 
pathogenic bacteria with their respective hosts. Consequently, the surface exposed 
15 bacterial molecules represent important targets for the host immune response, making 
outer-membrane components attractive candidates in providing vaccine, diagnostic 
and therapeutics reagents. 

Whole cell bacterial vaccines (killed or attenuated) have the advantage of 
supplying multiple antigens in their natural micro-environment Drawbacks around 
20 this approach are the side effects induced by bacterial components such as endotoxin 
and peptidoglycan fragments. On the other hand, acellular subunit vaccines containing 
purified components from the outer membrane may supply only limited protection 
and may not present the antigens properly to the immime system of the host 

Proteins, phospholipids and lipopolysaccharides are the three major 
25 constituents found in the outer-membrane of all Gram-negative bacteria. These 
molecules are distributed asymmetrically: membrane phospholipids (mostiy in the 
inner leaflet), lipooligosaccharides (exclusively in the outer leaflet) and proteins (inner 
and outer leaflet lipoproteins, integral or polytopic membrane proteins). For many 
bacterial pathogens which impact on human health, lipopolysaccharide and outer- 
30 membrane proteins have been shown to be immunogenic and amenable to confer 
protection against the corresponding disease by way of immunization. 
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The OM of Gram-negative bacteria is dynamic and, depending on the 
environmental conditions, can undergo drastic morphological transformations. Among 
these manifestations, the formation of outer-membrane vesicles or "blebs" has been 
studied and documented in many Gram-negative bacteria (Zhou, L et aL 1998. FEMS 
5 Microbiol LetL 163: 223-228). Among these, a non-exhaustive list of bacterial 
pathogens reported to produce blebs inchide: Bordetella pertussis, Borrelia 
burgdorferi. Brucella melitensis. Brucella ovis. Chlamydia psittaci. Chlamydia 
trachomatis, Esherichia coli, Haemophilus influenzae, Legionella pneumophila. 
Neisseria gonorrhoeae. Neisseria meningitidis, Pseudomonas aeruginosa and 

10 Yersinia enterocolitica. Although the biochemical mechanism responsible for the 
production of OM blebs is not felly understood, these outer memlMrane vesicles have 
been extensively studied as they represent a powerfel methodology in order to isolate 
outer-membrane protein preparations in their native conformation. In that context, the 
use of outer-membrane preparations is of particular interest to develop vaccines 

15 against Neisseria, Moraxella catarrhalis, Haemophilus influenzae, Pseudomonas 
aeruginosa and Chlamydia, Moreover, outer membrane blebs combine multiple 
proteinaceaous and non-proteinaceous antigens that are likely to confer extended 
protection against intra-species variants. 

In comparison with the other, more widely used, types of bacterial vaccine 

20 (whole cell bacterial and purified subunit vaccines), the inventors will show that outer 
membrane bleb vaccines (if modified in certain ways) may represent the ideal 
compromise. 

The wide-spread use of bacterial subunit vaccines has been due to the 
intensive study of bacterial surface proteins tiiiat have been found to be usefiil in 

25 vaccine applications [for instance A pertussis pertactin]. These proteins are loosely 
associated with the bacterial outer membrane and can be purified from culture 
supernatant or easily extracted firom Ae bacterial cells. However it has also been 
shown that structural, integral outer membrane proteins are also protective antigens. 
Examples are PorA for N. meningitidis serogroup B; D15 for K influenzae; OMP CD 

30 for M catarrhalis; OMP F for P. Aeruginosa. Such proteins however have rather 
specific structural features, particularly multiple amphipathic P-sheets, which 
complicates their straightforward use as purified (recombinant) subunit vaccines. 
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In addition, it has become clear that multiple component vaccines are needed 
(in terms of bacterial surface proteins and integral membrane proteins) to supply a 
reasonable level of protection. For instance, in the case of A pertussis subunit 
vaccines multicomponent vaccines are superior to mono or bicomponent products. 
S In order to incorporate integral outer-membrane proteins into such a subunit 

product, native (or near-native) conformational folding of the proteins must be present 
in the product in order to have a useful inmiunological eflfect The use of excreted 
outer membrane vesicles or blebs may be an elegant solution to the problem of 
including protective integral membrane proteins into a subunit vaccine whilst still 

10 ensuring that tfiey fold properly. 

N. meningitidis serogroup B (menB) excretes outer membrane blebs in 
sufBcient quantities to allow their manufacture on an industrial scale. Such 
multicomponent outer-membrane protein vaccines from naturally-occurring menB 
strains have been found to be efficacious in protecting teenagers from menB disease 

15 and have become registered in Latin America. An alternative method of preparing 
outer-membrane vesicles is via the process of detergent extraction of the bacterial 
cells (EP 11243). 

Examples of bacterial species from which bleb vaccines can be made are the 
following. 

20 

Neisseria meninzitidis : 

Neisseria meningitidis (meningococcus) is a Gram-negative bacterium 
frequently isolated from the human upper respiratory tract It occasionally causes 
mvasive bacterial diseases such as bacteremia and meningitis. The incidence of 

25 meningococcal disease shows geographical seasonal and annual differences 
(Schwartz, B., Moore, P.S.. Broome, C.V.; Clin. Microbiol. Rev. 2 (Supplement), 
S18-S24, 1989). Most disease in temperate countries is due to strains of serogroup B 
and varies in incidence from 1-lO/lOO.OOO/year total population sometimes reaching 
higher values (Kaczmarski, E.B. (1997), Conunun. Dis. Rep. Rev. 7: R55-9, 1995; 

30 Scholten, RJ.P.M., Bijlmer, H.A., Poolman, J.T. et al. Clin. Infect Dis. 16: 237-246, 
1993; Cruz, C, Pavez, G., Aguilar, E., et al. Epidemiol. Infect 105: 119-126, 1990). 



3 
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Age-specific incidences in the two high risk-groups, infants and teenagers, reach 
higher levels. 

Epidemics dominated by serogroup A meningococci occur, mostly in central 
Afirica, sometimes reaching levels up to 1 000/1 00,000/year (Schwartz, B., Moore, 
5 P.S., Broome, C.V. Clin. Microbiol. Rev. 2 (Supplement), S18-S24, 1989). Nearly all 
cases of meningococcal disease as a whole are caused by serogroup A, B, C, W-13S 
and Y meningococci. A tetravalent A, C, W-13S, Y capsular polysaccharide vaccine is 
available (Armand, J., Aiminjon, F., Mynard, M.C., La&ix, C, J. Biol. Stand. 10: 
335-339, 1982). 

10 The polysaccharide vaccines are currently being improved by way of 

chemically conjugating them to carrier proteins (Lieberman, J.M., Chiu, S.S., Wong, 
V.K., et al. JAMA 275 : 1499-1503, 1996). A serogroup B vaccine is not available, 
since the B capsular polysaccharide is non-immunogenic, most likely because it 
shares structural similarity to host components (Wyle, F.A., Artenstein, M.S., Brandt, 

15 M.L. et al, J. Infect Dis. 126: 514-522, 1972; Finne, J.M., Leinonen, M.. MSkelS, 
P.M. Lancet ii.: 355-357, 1983). 

For many years efforts have been focused on developing meningococcal outer 
membrane based vaccines (de Moraes, J.C., Perkins, B., Camargo, M.C. et al. Lancet 
340: 1074-1078, 1992; Bjune, G., Hoiby, EJl. Gronnesby, J.K. et al. 338: 1093-1096, 

20 1991). Such vaccines have demonstrated efKcacies from 57% - 85% in older children 
(>4 years) and adolescents. Most of these efficacy trials were performed with OMV 
(outer membrane vesicles, derived by LPS dq>letion from blebs) vaccines derived 
from wild-type N. meningitidis B strains. 

Many bacterial outer membrane components are present in these vaccines, 

25 such as PorA, PorB, Rmp, Opc, OpSL, FrpB and the contribution of these components 
to the observed protection still needs fiirAer definition. Other bacterial outer 
membrane components have been defined (using animal or human antibodies) as 
potentially being relevant to the induction of protective inummity, such as TbpB, 
NspA (Martin, D., Cadieux, N., Hamel, J., Brodeux, B.R., J. Exp. Med. 185: 1173- 

30 1 183, 1997; Lissolo, L., Maitre-Wilmotte, C, Dumas, p. et ah. Inf. Immun. 63: 884- 
890, 1995). The mechanism of protective inununity will involve antibody mediated 
bactericidal activity and opsonophagocytosis. 

If 
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The frequency of Neisseria meningitidis infections has risen dramatically in 
the past few decades. This has been attributed to the emergence of multiple antibiotic 
resistant strains, and increased exposure due to an increase in social activities (for 
instance swimming pools or theatres). It is no longer uncommon to isolate Neisseria 
5 meningitidis strains that are resistant to some or all of the standard antibiotics. This 
phenomenon has created an unmet medical need and demand for new anti-microbial 
agents, vaccines, drug screening methods, and diagnostic tests for this organism. 

Moraxella catarrhalis 

10 Moraxdia catarrhalis (also named Branhamella catarrhalis) is a Gram-negative 

bacterium frequently isolated from the human iqiper respiratory tract It is responsible for 
several pathologies, the main ones being otitis media in in&nts and children, and 
pneumonia die elderly. It is also responsible for sinusitis, nosocomial infections and, less 
frequently, for invasive diseases. 

15 Bactericidal antibodies have heea identified in most adults tested (Ch^man, AJ et 

al. (1985) J, InfectDis. 151:878). Strains of Af. catarrhalis present variations in their 
capacity to resist serum bactericidal activi^ in general, isolates from diseased individuals 
are more resistant dian those who are sinqily colonized (Hoi, C et al. (1993) Lancet 
341:1281, Jordan, KL et al. (1990) AmJ.Med 88 (suppL 5A):28S). Serum resistance 

20 could ttierfore be considered as a virulence fiictor of die bacteria. An opsonizing activity 
has been observed in the sera of children recovering from otitis media. 

The antigens targetted by these dififanent immune responses in humans have not 
been identified, widi the excq>tion of OMP Bl, a 84 kDa protein, die expression of which 
is regulated by iron, and that is recognized by the sera of patients with pneumonia (Sethi, 

25 S. et al. (1995) InfecLlmmun. 63:1516), and of UspAl and UspA2 (Chen D. et al.(1999), 
Infectlmmun. 67:1310), 

A few otiier membrane proteins present on die surfecc of M catarrhalis have been 
characterized tising biochemical methods for their potential implication in the induction of 
a protective immunity (for review, see Murphy, TF (1996) MicrobioLRev. 60:267). In a 

30 mouse pneumonia model, the presence of antibodies raised against some of diem (UspA, 
CopB) &vors a faster clearance of the pulmonary infection. Anodier polypeptide (OMP 
CD) is highly conserved among A/, catarrhalis strains, and presents homologies with a 
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porin ofPseudomonas aeruginosa^ which has been (temonstrated to be efficacious against 
this bacterium in animal models. 

M. catarrhalis produces outer membrane vesicles (Blebs). These Blebs have been 
isolated or extracted by using different methods (Murphy T.F., Loeb M.IL 1989. Microb. 
5 Pathog. 6: 159-174; Unhanand M., Maciver, L, Ramillo O., Arencibia-Miieles O., Argylc 
J.C., McCracken G.H. Jr., Hansen E.J. 1992. J. Infect Dis. 165:644^50). The protective 
capacity of such Bleb preparations has been tested in a murine model for putaionary 
clearance of A/, catarrhalis. It has been shown that active immunization with Bleb vaccine 
or passive transfer of anti-Blebs antibody induces significant protection in this model 
10 (Maciver L, Unhanand M., McCracken G.H. Jr., Hansen, EJ. 1993. J. Infect Dis. 168: 
469^72). 

Haemophilus influenzae 

Haemophilus influenzae is a non-motile Gram-negative bacterium. Man is its 

15 only natural host H influenzae isolates are usually classified according to their 
polysaccharide capsule. Six dififercnt c^isular types designated *a* through T have been 
identified Isolates that Ml to agglutinate with antisera raised against one of diese six 
serotypes are classified as nontypeable, and do not express a capsule. 

H influenzae type b (Hib) is clearly different from the other types in that it is a 

20 major cause of bacterial meningitis and systemic diseases. Nontypeable strains ofK 
influenzae (NTHi) are only occasionally isolated fit>m the blood of patients with 
systemic disease. NTHi is a common cause of pneumonia, exacerbation of chronic 
bronchitis, sinusitis and otitis media. NTHi strains demonstrate a large variability as 
identified by clonal analysis, whilst Hib strains as a whole are more homogeneous. 

25 Various proteins of H i^uemae have been shown to be involved in 

pathogenesis or have bem shown to confer protection \xpon vaccination in animal 
models. 

Adherence of NTHi to human nasopharygeal epithelial cells has been reported 
(Read RC. et al. 1991. J. Infect Dis. 163:549). Apart from fimbriae and pili (Brinton CC. 
30 et al. 1989. Pediatr. Infect Dis. J. 8:S54; Kar S. et al. 1990. Infect Immun. 58:903; 
Gildorf JR. et al. 1992. Infect Immun. 60:374; St Geme JW et al. 1991. Infect Immun. 
59:3366; St Geme JW et al. 1993. Infect Immun. 61: 2233), many adhesins have been 

h 
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identified in NTHi. Among them, two surface exposed high-molecular-weight proteins 
designated HMWl and HMW2 have been shown to mediate adhesion of NTHi to 
epithelial cells (St Geme JW. et al. 1993. Proc. Natl, Acad. Sci. USA 90:2875). Ano&er 
family of high-molecular-weight proteins has been identified in NTHi strains that bck 

5 proteins belonging to HMW1/HMW2 femily. The NTHi 115-kDa Hia protein 
(Barenkamp SJ., St Geme S.W. 1996. Mol. Microbiol. In press) is highly similar to the 
Hsf adhesin expressed by K influenzae type b strains (St Geme JW. et al. 1996. J. Bact 
178:628 1). Another protein, the Hsq> protein shows similarity to IgAl serine proteases and 
has been shown to be involved in both adhesion and cell entry (St Geme JW. et al. 1994. 

10 Mol. Microbiol. 14:217). 

Five major outer monbrane proteins (OMP) have been identified and 
numerically numbered Original studies using H. influenzae type b strains showed that 
antibodies specific for PI and P2 OMPs protected infimt rats bom subsequent 
challragc (Loeb MR. et al. 1987. Infect Immun. 55:2612; Musson RS. Jr. et al. 

15 1983. J. CliiL Invest 72:677). P2 was found to be able to induce bactericidal and 
opsonic antibodies, which are directed against the variable regions present within 
sur&ce exposed loop structures of this integral OMP (Haase EM. et al. 1994 Infect 
Immun. 62:3712; Troelstra A. et aL 1994 Infect hnmun. 62:779). The lipoprotein 
P4 also may induce bactericidal antibodies (Green BA. et al. 1991. 

20 InfectImmun.S9:3191). 

OMP P6 is a conserved peptidoglycan associated lipoprotein making up 1-5 % 
of the outer membrane (Nelson MB. et al. 1991. Infect Inunun. 59:2658). Later a 
lipoprotein of about the same molecular weight was recognized called PCP (P6 cross- 
reactive protein) (Deich RM. et al. 1990. Infect Immun. 58:3388). A mixture of the 

25 conserved lipoproteins P4, P6 and PCP did not reveal protection as measured in a 
chinchilla otitis-media model (Green BA. et al. 1993. Infectimmun. 61:1950). P6 
alone appears to induce protection in the chinchilla model (Demaria TF. et al. 1996. 
Infect Immun. 64:5187). 

A fimbrin protein (Miyamoto N., Bakaletz, LO. 1996. Microb. Pathog. 21:343) 

30 has also been described with homology to OMP P5, which itself has sequence homology 
to the integral Escherichia coli OmpA (Miyamoto N./ Bakaletz, LO. 1996. Microb. 
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Pathog. 21:343; Munson RS. Jr. et al. 1993. Infect Immun. 61:1017). NTHi seem to 

adhere to mucus by way of fimbriae. 

In line with the observations made with gonococci and meningococci, NTHi 

expresses a dual human transferrin receptor composed of TbpA and TbpB when grown 
S under iron limitation. AntirTbpB antibody protected infimt rats (Loosmore SM. et al. 

1996. Mol. Microbiol. 19:S7S). Hemoglobin / haptoglobin receptor also have been 

described for NTHi (Maciver L et al. 1996. Infect Immun. 64:3703). A receptor for 

HaemrHemopexin has also been identified (Cope LD. et al. 1994. MoLMicrobioI. 

13:868). A lactoferrin receptor is also present amongst NTHi, but is not yet 
10 characterized (Schryvers AB. et al. 1989. J. Med. Microbiol. 29:121). A protein 

similar to neisserial FrpB-protein has not been described amongst NTHi. 

An 80kDa OMP, the D15 sur£ice antigen, provides protection against NTHi in 

a mouse challenge model. (Flack FS. et al. 1995. Gene 156:97). A 42kDa outer 

membrane lipoprotein, LPD is conserved amongst Haemophilus influenzae and 
15 induces bactericidal antibodies (Akkoyunlu M. et al. 1996. Infect Immun. 64:4586). 

A minor 98IcDa OMP (Kimura A. et al. 1985. Infect Immun. 47:253), was found to 

be a protective antigen, this OMP may very well be one of die Fe-limitation inducible 

OMPs or high molecular wei^ adhesins ttiat have been characterized thereafter. K 

Influenzae produces IgAl-protease activity (Mulks MH.. Shoberg RJ. 1994. Meth. 
20 Enzymol. 235:543). IgAl-proteases of NlHi have a high degree of antigenic 

variability (Lomholt H.. van Alphen L.. Kilian, M. 1993. Infect Immun. 61:4575). 
Another OMP of NTHi, OMP26, a 26-kDa protein has been shown to enhance 

pubnonary clearance in a rat model (Kyd, J.M., Cripps, A.W. 1998. Infect Immun. 

66:2272). The NTHi HtrA protein has also been shown to be a protective antigen. 
25 Indeed, this protein protected Chinchilla against otitis media and protected infant rats 

against H. influenzae type b bacteremia (Loosmore S.M. et al. 1998. Infect Immun. 

66:899). 

Outer membrane vesicles (or blebs) have been isolated fiom H, influenzae 
(Loeb M.R., Zachary Ai., Smith D.H. 1981. J. Bacteriol. 145:569-604; Stull Ti., 
30 Mack K., Haas JJE., Smit J., Smith AL. 1985. Anal. Biochcm- 150: 471-480). The 
vesicles have been associated with the induction of blood-brain barrier permeability 
(Wiwpelwey B., Hansen EJ., Scheld W.M. 1989 Infect Immun. 57: 2559-2560), the 
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induction of meningeal inflammation (Mustafa M.M., Ramilo O., Syrogiannopoulos 
G.A., Olsen KJD., McCraken G.tt Jr., Hansen, EJ. 1989. J. Infect Dis. 159: 917-922) 
and to DNA uptake (Concino M.F., Goodgal S.H. 1982 J. BacterioL 152: 44M50), 
These vesicles arc able to bind and be absorbed by the nasal mucosal epidielium 
5 (Harada T., Shimuzu T., Nishimoto K., Salcakura Y. 1989. Acta Otoihinolarygol. 246: 
218-221) showing that adhesins and/or colonization &ctors could be present in Blebs. 
Immune response to proteins present in outer membrane vesicles has been observed in 
patients with various H. influenzae diseases (Sakakura Y., Harada T., Hamaguchi Y-, 
Jin C.S, 1988. Acta Otorhinolarygol. SuppL (Stockh.) 454: 222-226; Harada T., 
10 SakakuraY.,MiyoshiY. 1986. Rhinology 24: 61-66). 

Pseudomonas aeruzinosa : 

The genus Pseudomonas consists of Gram-negative, polarly flagellated, 

straight and slightly curved rods that grow aerobically and do not forms spores. 
15 Because of their limited metabolic requirements, Pseudomonas spp. are ubiquitous 

and are widely distributed in the soil, the air, sewage water and in plants. Numerous 

species of Pseudomonas such as P, aeruginosa, P. pseudomallei. P. mallei, P. 

maltophilia and P. cepacia have also been shown to be pathogenic for humans. 

Among this list, P. aeruginosa is considered as an important himian pathogen since it 
20 is associated with opportunistic infection of immuno-compromised host and is 

responsible for high morbidity in hospitalized patients. Nosocomial infection with P. 

aeruginosa afflicts primarily patients submitted for prolonged treatment and receiving 

inununo-suppressive agents, corticosteroids, antimetabolites antibiotics or radiation. 
The Pseudomonas, and particularly P. aeruginosa, produces a variety of toxins 
25 (such as hemolysins, fibrinolysins, esterases, coagulases, phospholipases, endo- and 

MO-toxins) that contribute to the pathogenicity of these bacteria. Moreover, these 

organisms have high intrinsic resistance to antibiotics due to the presence of multiple 

drug efflux pumps. This latter characteristic often complicates the outcome of tfie 

disease. 

30 Due to the uncontrolled use of antibacterial chemotherapeutics the frequency 

of nosocomial infection caused by P. aeruginosa has increased considerably over the 
last 30 years. In the US, for example, the economic burden of P. aeruginosa 
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nosocomial infection is estimated to 4.5 billion US$ annually. Therefore, the 
development of a vaccine for active or passive immunization against P. aeruginosa is 
actively needed (for review see Stanislavsky et al. 1997. FEMS Microbiol. Lett 21: 
243-277). 

Various cell-associated and secreted antigens of P. aeruginosa have been the 
subject of vaccine development Among Pseudomonas antigens, the mucoid 
substance, which is an extracellular slime consisting predominantly of alginate, was 
found to be heterogenous in terms of size and inununogenicity. High molecular mass 
alginate components (30-300 kDa) 2q)pear to contain conserved epitopes while lower 
molecular mass alginate components (10-30 kDa) possess conserved epitopes in 
addition to imique epitopes. Among sur&ce-associated proteins, PcrV, which is part 
of the type QI secretion-translocation s^paratus, has also been shown to be an 
interesting target for vaccination (Sawa et al. 1999. Nature Medicine 5:392-398). 

Sur&ce-exposed antigens including 0-andgens (0-specific polysaccharide of 
LPS) or H-antigens (flagellar antigens) have been used for serotyping due to dieir 
highly immunogenic nature. Chemical structures of repeating units of 0-specific 
polysaccharides have been elucidated and these data allowed the identification of 31 
chemotypes of P. aeruginosa. Conserved epitopes among all serotypes of P, 
aeruginosa are located in the core oligosaccharide and the lipid A region of LPS and 
immunog»s containing these epitopes induce cross-protective immunity in mice 
against differrat P. aeruginosa immunotypes. The outer core of LPS was implicated 
to be a ligand for binding of P. aeruginosa to airway and ocular epidielial cells of 
animals. However, heterogeneity exists in this outer core region among different 
serotypes. Epitopes in the iimer core are highly conserved and have been 
demonstrated to be surface-accessible, and not masked by 0-specific polysaccharide. 

To examine the protective, properties of OM proteins, a vaccine containing P. 
aeruginosa OM proteins of molecular masses ranging from 20 to 100 kDa has been 
used in pre-ciinical and clinical trials. This vaccine was efBcacious in animal models 
against P. aeruginosa challenge and induced high levels of specific antibodies in 
human volunteers. Plasma fi:om human volunteers containing anti-P. aeruginosa 
antibodies provided passive protection and helped the recovery of 87% of patients 
with severe forms of P. aeruginosa infection. More recentiy, a hybrid protein 

10 
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containing parts of the outer membrane proteins OprF (amino acids 190-342) and 
OprI (amino acids 2l'i3) from Pseudomonas aeruginosa fused to the glutathione-S- 
transferase was shown to protect mice against a 975-fold 50% lethal dose of P. 
aeruginosa (Knapp et al. 1999. Vaccine. 17: 1663-1669). 

5 

The present inventors have realised a number of drawbacks associated with the 
above wild-type bleb vaccines (either naturally occurring or chemically made). 
Examples of such problems are the following: 

- the presence of immunodominant but variable proteins on the bleb (PorA; 
1^ TbpB, Opa [N. meningitidis B]; P2, P5 [non-typeable K influenzae]) - 

such blebs being effective only against a restricted selection of bacterial 
species. Type-specificity of the bactericidal antibody response may 
preclude die use of such vaccines in infancy. 

- the presence of unprotective (non relevant) antigens (Rmp, H8, ...) on the 
15 bleb - antigens that are decoys for die immune system 

- the lack of presence of important molecules which are produced 
conditionally (for instance iron-regulated outer membrane proteins, 
IROMP*s, in vivo regulated e3q)ression mechanisms) - such conditions are 
hard to control in bleb production in order to optimise the amount of 

20 antigen on the sur&ce 

- the low level of expression of protective, (particularly conserved) antigens 
(NspA, P6) 

- the toxicity of the LPS remaining on the sur&ce of the bleb 

- the potential induction of an autoimmune response because of host- 
25 identical structures (for example the c^)sular polysaccharide in Neisseria 

meningitidis serogroup B, Uie lacto-N-neotetraose in Neisseria LPS, 
saccharide structure within ntHi LPS, saccharide structures within Pili). 

Such problems may prevent the use of bleb vaccines as human vaccine 
30 reagents. This is particularly so for paediatric use (<4 years) where rcactogenicity 
against bleb vaccines is particularly important, and where bleb vaccines (for instance 
4e previously mentioned marketed MenB bleb vaccine) have been shown to be 

M 
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ineffective at immuno-protecting. Accordingly, the present invention provides 
methods of alleviating the above problems using genetically engineered bacterial 
strains, which result in improved bleb vaccines. Such methods will be especially 
useful in the generation of new vaccines against bacterial pathogens such as Neisseiria 
meningitidis^ Moraxelia catarrhaiis, Haemophilus influenzae, Pseudomonas 
aeruginosa, and others. 

The bleb vaccines of the invmtion are designed to focus the immune response 
on a few protective (preferably conserved) antigens or epitopes - formulated in a 
multiple component vaccine. Where such antigens are integral OMPs, the outer 
membrane vesicles of bleb vaccines will ensure Aeir proper folding. This invention 
provides methods to optimize the OMP and LPS composition of OMV (bleb) vaccines 
by deleting immimodominant variable as well as non protective OMPs, by creating 
conserved OMPs by deletion of variable regions, by upregulating expression of 
protective OMPs, and by eliminating control mechanisms for expression (such as iron 
restriction) of protective OMPs. In addition the invention provides for die reduction in 
toxicity of lipid A by modification of the lipid portion or by changing the phosphoryl 
composition whilst retaining its adjuvant activity or by masking it Each of diese new 
methods of improvement individually improve the bleb vaccine, however a 
combination of one or more of diese mediods work in conjunction so as to produce an 
optimised engineered bleb vaccine which is immuno-protective and non-toxic - 
particularly suitable for paediatric use. 

SUMMARY OF THE INVENTION 

The present invention provides a genetically-engineered bleb preparation fiom 
a Gram-negative bacterial strain characterized in that said preparation is obtainable by 
employing one or more processes selected firom the following group: 

a) a process of reducing inununodominant variable or non-protective antigens 
within the bleb preparation comprising the steps of determining the 
identity of such antigen, engineering a bacterial strain to produce less or 
none of said antigen, and making blebs bom said strain; 

b) a process of upregulating expression of protective, endogenous (and 
preferably conserved) OMP antigens widiin the bleb preparation 

\l 
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comprising the steps of identifying such antigen, engineering a bacterial 
strain so as to introduce a stronger promoter sequence upstream of a gene 
encoding said antigen such that said gene is expressed at a level higher 
than in the non-modified bleb, and making blebs from said strain; 

c) a process of i5)regulating esqiression of conditionally-expressed, protective 
' (and preferably conserved) OMP antigens within the bleb preparation 

comprising the steps of identifying such an antigen, engineering a bacterial 
strain so as to remove the repressive control mechanisms of its expression 
(such as iron restriction), and making blebs from said strain; 

d) a process of modifying lipid A portion of bactmal LPS within the bleb 
preparation, comprising ttie steps of identifying a gene involved in 
rendering the lipid A portion of LPS toxic, engineering a bacterial strain so 
as to reduce or switch oflF expression of said gene, and making blebs from 
said strain: 

e) a process of modifying lipid A portion of bacterial LPS within the bleb 
preparation, comprising the steps of identifying a gene involved in 
rendering the lipid A portion of LPS less toxic, engineering a bacterial 
strain so as to introduce a stronger promoter sequence upstream of said 
gene such that said gene is npressed at a level higher than in the non* 
modified bleb, and making blebs from said strain; 

f) a process of reducing lipid A toxicity within the bleb preparation and 
increasing die levels of protective antigens, comprising the stq>5 of 
engineering the chromosome of a bacterial strain to incoipcmte a gene 
encoding a Polymyxin A peptide, or a derivative or analogue thereof, fused 
to a protective antigen, and making blebs fix)m said strain; 

g) a process of creating conserved OMP antigens on the bleb preparation 
conq)rising 4e steps of identifying such antigen, engineering a bacterial 
strain so as to delete variable regions of a gene encoding said antigen, and 
making blebs from said strain; 

h) a process of reducing expression within the bleb preparation of an antigen 
which shares a structural similarity with a human structure and may be 
capable of inducing an auto-immune response in humans (such as the 
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capsular polysaccharide of N. meningitidis B), comprising the steps of 
identifying a gene involved in the biosynthesis of the antigen, engineering 
a bacterial strain so as to reduce or switch off expression of said gene, and 
making blebs from said strain; or 
i) a process of upreguladng expression of protective, endogenous (and 
preferably conserved) OMP antigens within the bleb preparation 
comprising the steps of identifying such antigen, engineering a bacterial 
strain so as to introduce into the chromosome one or more fiirdier copies of 
a gene encoding said antigen controlled by a heterologous, stronger 
promoter sequence, and making blebs from said strain. 

Further aspects of the invention include, preferential processes for obtaining 
the above bleb preparation, including optimal positioning of strong promoters for the 
upregulation of expression of antigens within blebs, preferential antigens for 
upregulation and downreguation for various bacterial strains in order to obtain bleb 
preparations particularly suitable for vaccine use. Preferential fonnulations 
comprising the blebs of the invention arc also provided which are particularly suitable 
for global vaccines against certain disease states. Vectors for producing the blebs of 
the invention, and modified bacterial strains firom which Ae blebs of flie invention are 
produced are still further aspects of the invention. 

The present invention provides for the first time a bleb vaccine which is 
immuno-protective and non-toxic when used wifli children under 4 years of age. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: Reactivity of the 735 mAb on different colonies. 

Figure 2: Reactivities of specific monoclonal antibodies by whole cell Elisa. 

Figure 3: Schematic representation of the pCMK vectors used to deliver genes, 
operons and/or expression cassettes in the genome of Neisseria meningitidis. 
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Figure 4: Analysis of PorA expression in total protein extracts of recombinant N. 
meningitidis serogroupB (H44/76 derivatives). Total proteins were recovered fiom 
cps- (lanes 3 and 4), (ps- porA.-pCMK,-^ (lanes 2 and 5) and cps-porA::nspA Oanes 1 
and 6) recombinant N. meningitidis serogroupB strains and were analyzed under SDS- 
5 PAGE conditions in a 12% polyacryiamide gel. Gels were stained with Coomassie 
blue (lanes 1 to 3) or transferred to a nitrocellulose membrane and immuno-stained 
with an anti*PorA monoclonal antibody. 

Figure 5: Analysis of NspA expression in protein extracts of recombinant N. 

10 meningitidis serogroupB strains (H44/76 derivatives). Proteins were extracted from 
whole bacteria (lanes 1 to 3) or outer-membrane blebs preparations (lanes 4 to 6) 
separated by SDS-PAGE on a 12% aciylamide gel and analyzed by immuno-blotting 
using an anti-NspA polyclonal serum. Samples coiresponding to cps- (lanes 1 and 6), 
cpS' pora::pCh4K^ (lanes 3 and 4) and cps- porA::nspA (lanes 2 and 5) were 

15 analyzed. Two forms of NspA wm detected: a mature form (ISlcDa) co-migrating 
with the recombinant purified NspA, and a shorter form (ISkDa). 

Figure 6: Analysis of DlS/omp8S expression in protein extracts of recombinant K 
meningitidis serogroupB strains (H44/76 derivatives). Proteins were extracted fiom 
20 outer-membrane blebs preparations and were separated by SDS-PAGE on a 12% 
acrylamide gel and analyzed by inununo-blotting using an anti-omp8S polyclonal 
serum. Samples corresponding to cps- Oane 2), and cps-, PorA^, pCMK-^OmpSS/DIS 
(lane 1) recombinant meningitidis serogroupB strains were analyzed. 

25 Figure 7: General strategy for modulating gene expression by promoter delivery (RS 
stands for restriction site). 

Figure 8: Analysis of outer-membrane blebs produced by recombinant N. 
meningitidis serogroupB cps- strains (H44/76 derivatives). Proteins were extracted 
30 fiom outer-membrane bleb preparations and were separated by SDS-PAGE under 
reducing conditions on a 4-20% gradient polyacryiamide gel. The gel was stained 
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with Coomassie brilliant blue R250. Lanes 2, 4, 6 corresponded to 5|ig of total 
proteins whereas lanes 3, 5 and 7 were loaded with lOfig proteins. 

Figure 9: Construction of a promoter replacement plasmid used to up-regulatc the 
5 expression/production of Omp85/D 1 5 in Neisseria meningitidis H44/76. 

Figure 10: Analysis of 0MP8S expression in total protein extracts of recombinant 
NmB (H44/76 derivatives). Gels were stained with Coomassie blue (A) or transferred 
to nitrocellulose membrane and immuno-stained with rabbit anti-0MP8S (N.gono) 
10 monoclonal antibody (B). 

Figure 11: Analysis of OMP85 «q)ression in OMV preparations from recombinant 
NmB (H44/76 derivatives). Gels were stained with Coomassie blue (A) or transferred 
to nitrocellulose membrane and immuno-stained with rabbit anti-0MP8S polyclonal 
15 antibody (B). 

Figure 12: Schematic representation of the recombinant PGR strategy used to delete 
the iacO in die chimeric porA/lacO promotor. 

20 Figure 13: Analysis of Hsf expression in total protein extracts of recombinant N. 
meningitidis serogroup B (H44/76 derivatives). Total proteins were recovered fiom 
Cps-PorA+(lanes 1), and Cps-PorA+/Hsf Qanes 2) recombinant N meningitidis 
serogroup B strains and woe analyzed under SDS-PAGE conditions in a 12% 
polyacrylamide gel. Gels were stained with Coomassie blue . 

25 

Figure 14: Analysis of GFP expression in total protein extracts of recombinant N 
meningitidis (H44/76 derivative). Total protein were recovered from Cps-, PorA+ 
Oanel), Cps-, PorA- GFP+ (lane2 & 3) recombinant strains. Proteins were separated 
by PAGE-SDS in a 12% polyacrylamide gel and then stained wifli Coomassie blue. 

30 

Figure 15: Illustration of the pattern of major proteins on the sur&ce of various 
recominant bleb preparations as analysed by SDS-PAGE (Coomassie staining). 

^6 
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Figure 16: Specific anti-Hsf response for various bleb and recombinant bleb 
preparations using purified recombinant Hsf protein. 

5 Figure 17: Analysis of NspA expression in total protein extracts of recombinant NmR 
(serogroup B derivatives). Gels were stained with Coomassie blue (A) or transferred 
to nitrocellulose membrane and immuno-stained with mouse anti-PorA monoclonal 
antibody (B) or mouse anti-NspA polyclonal antibody (C). 

10 

DESCRIPTION OF THE INVENTION 

The present invention relates to a general set of tools and methods capable of 
being used for manufecturing improved, gaietically engineered blebs jfrom Gram- 
negative bacterial strains. The invention includes methods used to make recombinant 

15 blebs more immunogenic, less toxic and safer for their use in a human and/or animal 
vaccine. Moreovw, the present invention also describes specific mediods necessary 
for constructing, producing, obtaining and using recombinant, engineered blebs from 
various Gram-negative bacteria, fat vaccine, thenq>cutic and/or diagnostic purposes. 
By flie methods of die invention, the biochemical composition of bacterial blebs can 

20 be manipulated by acting upon/altering the expression of bacterial genes encoding 
products present in or associated with bacterial outer-membrane blebs (outer 
membrane proteins or OMPs). The production of blebs using a mediod of gmetic 
modification to increase, decrease or render condidonal the expression of one or more 
genes encoding outer-membrane components are also included in the scope of this 

25 invention. 

For clarity, the term "expression cassette" will refer herein to all the genetic 
elements necessary to express a gene or an operon and to produce and target die 
correspondmg protein(s) of interest to outer-membrane blebs, derived fiom a given 
bacterial host. A non-exhaustive list of diese features includes control elements 
30 (transcriptional and/or transhitional), protein coding regions and targeting signals, 
with appropriate spacing between diem. Reference to die insertion of promoter 
sequences means, for die purposes of diis invention, die insertion of a sequence widi 
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at least a promoter function, and preferably one or more other genetic regulatory 
elements comprised within an expression cassette. Moreover, the term "integrative 
cassette*" will refer herein to all the genetic elements required to integrate a DNA 
segment in given bacterial host A non-exhaustive list of these features includes a 
5 delivery vehicle (or vector), wiA recombinogenic regions, and selectable and counter 
selectable markers. 

Again for the purpose of clarity, the terms 'engineering a bacterial strain to 
produce less of said antigen* refers to any means to reduce the expression of an 
antigen of interest, relative to that of the non-modified (i.e., naturally occuiiing) bleb 

10 such that expression is at least 10% lower than that of the non-modified bleb. 
Preferably it is at least 50% lower. "Stronger promoter sequence" refers to a 
regulatory control element that increases transcription for a gene encoding antigen of 
interest "Upregulating e3q)ression" refers to any means to enhance the expression of 
an antigen of interest, relative to that of the non-modified (i.e., naturally occurring) 

15 bleb. It is understood that the amount of *iQ)regulation* will vary depending on the 
particular antigen of interest but will not exceed an amount that will disnq>t flie 
membrane integrity of the bleb. Upregulation of an antigen refers to e3q>ression that is 
at least 10% hi^^ than tfiat of the non-modified bleb. Preferably it is at least 50% 
higher. More preferably it is at least 100% (2 fold) higher. 

20 Aspects of the invention relate to individual methods for making improved 

engineered blebs, to a combination of such methods, and to the bleb compositions 
made as a result of these mediods. Another aspect of the invention relates to the 
genetic tools used in order to genetically modify a chosen bacterial strain in order to 
extract improved engineered blebs fiom said strain. 

25 The engineering steps of Ae processes of the invention can be carried out in a 

variety of ways known to die skilled person. For instance, sequences (e.g. promoters 
or open reading frames) can be inserted, and promoters/genes can be disrupted by ttie 
technique of transposon insertion. For instance, for uprcgulating a gene*s expression, 
a strong promoter could be inserted via a transposon up to 2 kb upstream of the genets 

30 initiation codon (more preferably 200-600 bp upstream, most preferably 
approximately 400 bp upstream). Point mutation or deletion may also be used 
(particularly for down-regulating expression of a gene). 



wo 01/09350 



PCT/EPOO/07424 



Such methods, however, may be quite unstable or uncertain, and therefore it is 
preferred that die engineering step [particularly for processes a), b), c), d), e), h) and i) 
as described below] is performed via a homologous recombination event Preferably, 
the event takes place between a sequence (a recombinogenic region) of at least 30 
5 nucleotides on the bacterial chromosome, and a sequence (a second recombinogenic 
region) of at least 30 nucleotides on a vector transformed within the strain. Preferably 
the regions are 40-1000 nucleotides, more preferably 100-800 nucleotides, most 
preferably 500 nucleotides). These recombinogenic regions should be sufficiently 
similar that they are capable of hybridising to one another under highly stringent 

to conditions (as defined later). 

Recombination events may take place using a single recombinogenic region on 
chromosome and vector, or via a double cross-over event (with 2 regions on 
chromosome and vector). In order to perform a single recombination event, the vector 
should be a circular DNA molecule. In order to perform a double recombination 

15 event, the vector could be a circular or linear DNA molecule (see Figure 7). It is 
preferable that a double recombination event is employed and that the vector used is 
linear, as die modified bacterium so produced will be more stable in terms of 
reversion events. Preferably the two recombinogenic regions on the chromosome (and 
on die vector) are of similar (most preferably the same) lengtfi so as to promote double 

20 cross-overs. The double cross-over functions such Oat die two recombinogenic 
regions on die chromosome (separated by nucleotide sequence *X') and die two 
recombinogenic regions on the vector (separated by nucleotide sequence *Y') 
recombine to leave a chromosome unaltered except diat X and Y have interchanged 
The position of the recombinogenic regions can both be positioned upstream or down 

25 stream of; or may flank, an open reading frame of interest These regions can consist 
of coding, non-coding, or a mixture of coding and non-coding sequence. The identity 
of X and Y will depend on die effect desired. X may be all or part of an open reading 
frame, and Y no nucleotides at all, which would result in sequence X being deleted 
from die chromosome. Alternatively Y may be a strong promoter region for insertion 

30 tqistream of an open reading frame, and dierefore X may be no nucleotides at all. 

Suitable vectors will vary in composition depending what type of 
recombination event is to be performed, and what the ultimate purpose of die 
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recombination event is. Integrative vectors used to deliver region Y can be 
conditionally replicative or suicide plasmids, bacteriophages, transposons or linear 
DNA fiagments obtained by restriction hydrolysis or PCR amplification. Selection of 
the recombination event is selected by means of selectable genetic marker such as 
5 genes conferring resistance to antibiotics (for instance kanamycin, erythromycin, 
chloramphenicol, or gentamycin), genes conferring resistance to heavy metals and/or 
toxic compounds or genes complementing auxotrophic mutations (for instance pur, 
leu, met, aro). 

10 

Process a) and f) - Down regulation/Removal of Variable and non-protective 
immunodominant antigens 

Many sur&ce antigens are variable among bacterial strains and as a 
consequence are protective only against a limited set of closely related strains. An 

15 aspect of this invention covers the reduction in eqiression, or, preferably, the deletion 
of the gene(s) encoding variable sui&ce protein(s) which results in a bacterial strain 
producing blebs which, when administered in a vaccine, have a stronger potential for 
cross-reactivity against various strains due to a higher influence exerted by conserved 
proteins (retained on the outer membranes) on die vaccinee's immune system. 

20 Examples of such variable antigens inchide: for Neisseria - pili (PilC) which 
undergoes antigenic variations, PorA, Opa, TbpB, FipB; for K influenzae - P2. P5, 
pilin, IgAl-protease; and for Moraxella - CopB, OMP106. 

Other types of gene that could be down-regulated or switched off are genes 
which, in vivo, can easily be switched on (expressed) or ofFby the bacterium. As outer 

25 membrane proteins encoded by such genes are not always present on the bacteria, the 
presence of such proteins in the bleb prq>arations can also be detrimental to the 
effectiveness of the vaccine for die reasons stated above. A preferred example to 
down-regulate or delete is Neisseria Opc protein. Anti-Opc immunity induced by an 
Opc containing bleb vaccine would only have limited protective capacity as the 

30 infecting organism could easily become Opc*. K influenzae HgpA and HgpB are odier 
examples of such proteins. 

U 
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In process a), these variable or Don-protective genes are down-regulated in 
expression, or terminally switched off. This has the above-mentioned surprising 
advantage of concentrating the immune system on better antigens that are present in 
low amounts on the outer surface of blebs. 
5 The strain can be engineered in this way by a number of strategies including 

transposon insertion to disrupt the coding region or promoter region of the gene, or 
point mutations or deletions to achieve a similar result. Homologous recombination 
may also be used to delete a gene firom a chromosome (where sequence X comprises 
part (preferably all) of the coding sequence of the gene of interest). It may additionally 

10 be used to change its strong promoter for a weaker (or no) promoter (where nucleotide 
sequence X comprises part (preferably all) of the promoter region of the gene, and 
nucleotide sequence Y comprises either a weate promoter region [resulting in a 
decreased expression of the gene(5)/operon(s) of interest], or no promoter region). In 
this case it is preferable for the recombination event to occur within the region of die 

15 chromosome 1000 bp upstream of the gene of interest 

Alternatively, Y may confer a conditional transcriptional activity, resulting in 
a conditional expression of die gene(s)/operon(5) of interest (down-regulation). This is 
useful in the expression of molecules that are toxic to or not well supported by the 
bacterial host 

20 Most of the above-exemplified proteins are integral OMPs and their variability 

may be limited only to one or few of their sur&ce exposed loops. Another aspect of 
this invention [process g)] covers die deletion of DNA regions coding for tiiese 
surface exposed loops which leads to the expression of an integral OMP containing 
conserved surface exposed loops. Surface exposed loops ofK influenzae P2 and P5 

25 are preferred examples of proteins that could be transformed into cross-reacdve 
antigens by using such a method. Again, homologous recombination is a prefened 
mediod of performing diis engineering process. 



Process b)- Promoter delivery and modulation : 
30 A further zspeci of the invention relates to modifying the composition of blebs 

by altering in situ the regulatory region controlling the expression of gene(s) and/or 
operon(s) of interest This alteration may include partial or total replacement of the 

U 
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endogenous promoter controlling the expression of a gene of interest, with one 
conferring a distinct transcriptional activity. This distinct transcriptional activity may 
be conferred by variants (point mutations, deletions and/or insertions) of the 
endogenous contnol regions, by naturally occurring or modified heterologous 
5 promoters or by a combination of both. Such alterations will preferably confer a 
transcriptional activity stronger than the endogenous one (introduction of a strong 
promoter), resulting in an enhanced expression of the gene(s)/operon(s) of interest 
(up-regulation). Such a method is particularly useful for enhancing the production of 
immunologically relevant Bleb components such as outer-membrane proteins and 
10 lipoproteins (preferably conserved OMPs, usually present in blebs at low 
concentrations). 

Typical strong promoters ttiat may be integrated in Neisseria are porA [SEQ 
ID NO: 24], porB [SEQ ID NO:26]. igtF, Opa, pi 10, to. and l^fuAB. PorA and PorB 
are preferred as constitutive, strong promoters. It has been established (Exanq>le 9) 
IS that the PorB promoter activity is contained in a fragment corresponding to 
nucleotides -1 to -250 upstream of the initation codon of porB. In Moraxella, it is 
preferred to use fte ompH, onq)G, ompE, OmpBl, ompB2, ompA, OMPCD and 
Ompl06 promoters, and in H. influenzae, it is preferred to integrate the P2, P4, PI, P5 
and P6 promoters. 

20 Using the preferred double cross-over homologous recombination technology 

to introduce the promoter in the 1000 bp upstream region, promoters can be placed 
anywhere fipom 30-970 bp upstream of the initiation codon of the gene to be up- 
regulated Although conventionally it is thought the promoter region should be 
relatively close to the open reading frame in order to obtain optimal expression of the 

25 gene, the present inventors have surprisingly found that placement of the promoter 
fiirtiier away from the initiation codon results in large increases in e>qiression levels. 
Thus it is preferred if die promoter is insoted 200-600 bp from the initiation codon of 
the gene, more preferably 300-500 bp, and most preferably approximately 400 bp 
from the initiation ATG. 

30 



U 
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Process c) - Bleb components produced conditionally 

The expression of some genes coding for certain bleb components is carefully 
regulated. The production of the components is conditionally modulated and depends 
5 upon various metabolic and/or environmental signals. Such signals include, for 
example, iron-limitation, modulation of the redox potential, pH and temperature 
variations, nutritional changes. Some examples of bleb components known to be 
produced conditionally include iron-regulated outer-membrane proteins fiom 
Neisseiria and Moraxella (for instance TbpB, LbpB), and substrate-inducible outer- 

10 membrane porins. The present invention covers the use of the genetic methods 
described previously (process a) or b)) to render constitutive the expression of such 
molecules. In this way, the influence of environmental signal upon the expression of 
gene(5) of interest can be overcome by modifying/replacing the gene*s corresponding 
control region so that it becomes constitutively active (for instance by deleting part 

15 [jpreferably all] or the repressive control sequence - e.g. the operator region), or 
inserting a constitutive strong promoter. For iron regulated genes the Jur operator may 
be removed. Alternatively, process i) may be used to deliver an additional copy of the 
gene/operon of interest in die chromosome which is placed artificially under the 
control of a constitutive promoter. 

20 

Processes d), and e) - Detoxification of LPS 

The toxicity of bleb vaccines presents one of the largest problems in die use of 
blebs in vaccines. A fiirther aspect of die invention relates to methods of genetically 
detoxifying the LPS present in Blebs. Lipid A is the primary component of LPS 
25 responsible for cell activation. Many mutations in genes involved in ttiis padiway lead 
to essential phenotypes. However, mutations in the genes responsible for the terminal 
modifications steps lead to temperature-sensitive {htrB) or permissive {msbB) 
phenotypes. Mutations resulting in a decreased (or no) expression of these genes result 
in altered toxic activity of lipid A. Indeed, the non-lauroylated (htrB mutant) or non- 
30 myristoylated (msbB mutant) lipid A are less toxic than the wild-type lipid A. 
Mutations in the lipid A 4*-Idnase encoding gene (IpxK) also decreases the toxic 
activity of lipid A. 
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Process d) thus involves either the deletion of part (or preferably all) of one or 
more of the above open reading frames or promoters. Alternatively, the promoters 
could be replaced with weaker promoters. Preferably the homologous recombination 
techniques described above are used to carry out the process. 
5 The sequences of the htrB and msbB genes from Neisseria meningitidis B, 

Moraxella catarrhalis, and Haemophilus influenzae are additionally provided for this 
purpose. 

LPS toxic activity could also be altered by introducing mutations in genes/loci 
involved in polymyxin B resistance (such resistance has been correlated with additioii 

10 of aminoarabinose on the 4* phosphate of lipid A). These genes/loci could be pmrE 
that encodes a UDP-glucose dehydrogenase, or a region of antimicrobial peptide* 
resistance genes common to many enterobacteriaciae which could be involved in 
aminoarabinose synthesis and transfer. The gene pmrF diat is present in this region 
encodes a dolicol-phosphate manosyl transferase (Gunn J.S., Kheng» BX., Knieger J., 

15 Kim K.,Guo L., Hackett M„ Miller S.L 1998. Mol. Microbiol 27: 1 171-1182). 

Mutations in the PhoP-PhoQ regulatory system, which is a phospho-relay two 
conq>onent regulatory system (f. i. PhoP constitutive phenotype, PhoF), or low Mg** 
environmental or culture conditions (fliat activate the PhoP*PhoQ regulatory system) 
lead to the addition of aminoarabinose on the 4'-phosphate and 2-hydioxymyristate 

20 replacing myristate (hydroxylation of myristate). This modified lipid A displays 
reduced ability to stimulate E-selectin expression by human endothelial cells and 
TNF-a secretion from human monocytes. 

Process e) involves the upregulation of these genes using a strategy as 
described above (strong promoters being incorporated, preferably using homologous 

25 recombination techniques to carry out the process). 

Alternatively, rather than performing any such mutation, a polymyxin B 
resistant strain could be used as a vaccine production strain (in conjunction with one 
or more of the other processes of the invention), as blebs from such strains also have 
reduced LPS toxicity (for instance as shown for meningococcus - van der Ley, P, 

30 Hamstra, HJ, Kramer, M, Steeghs, L, Petrov, A and Poolman. JT. 1994. In: 
Proceedings of the ninth international pathogenic Neisseria conference. The Guildhall, 
Winchester, England). 
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As a further alternative (and further aspect of the invention) the inventors 
provide a method of detoxifying a Gram-negative bacterial strain comprising the step 
of cultuiing the strain in a growth medium containing O.lmg-lOOg of aminoarabinose 
per litre medium. 

5 As a further still alternative, synthetic peptides that mimic the binding activity 

of polymyxin B (described below) may be added to the Bleb preparation in order to 
reduce LPS toxic activity (Rustici, A, Velucchi, M, Faggioni, R, Sironi, M, Ghezzi, P, 
Quataert, S, Green, B and Porro M 1993. Science 259: 361-365; Velucchi, M, Rustici, 
A, Meazza. C, Villa, P. Ghezzi, P and Pono, M. 1997. J. Endotox. Res, 4:). 

10 

Process f) - Anchoring homologous or heterologous proteins to outer-membrane blebs 
whilst reducing the toxicity of LPS 

A further aspect of this invention covers the use of genetic sequences encoding 
polymyxin B peptides (or analogues tfamof) as a means to target fusion proteins to 

IS die outer-membrane. Polymyxin B is a cyclic peptide composed of non tRNA- 
encoded amino acids Q>roduced by Gram-positive actinomycetal organisms) that 
binds very strongly to die Lipid A part of LPS present in the outer-membrane. This 
binding decreases the intrinsic toxicity of LPS (endotoxin activity). Peptides 
mimicking the structure of Polymyxin B and composed of canonical (tRNA encoded) 

20 amino acids have been developed and also bind lipid A with a strong affinity. These 
peptides have been used for detoxifying LPS. One of these peptides known as SAEP-2 
(Ntcrniinus-Lys-Thr-Lys-Cys-Lys-Phe-Leu-Lys-Lys-Cys-Cterminus) was shown to 
be very promising in that respect (Molecular Mapping and detoxifying of the Lipid A 
binding site by synthetic peptides (1993). Rustici, A.. Velucchi, M., Faggioni, R., 

25 Sironi, M., Ghezzi, P., Quataert, S., Green. B. and M. Porro. Science 259, 361-365). 

The present process f) of the invration provides an improvement of tiiis use. It 
has been found that the use of DNA sequences coding for the SEAP-2 peptide (or 
derivatives thereof), fused genetically to a gene of interest (encoding for instance a T 
cell antigen or a protective antigen that is usually secreted such as a toxin, or a 

30 cytosolic or periplasmic protein) is a means for targeting the corresponding 
recombinant protein to the outer-membrane of a preferred bacterial host (whilst at the 
same time reducing the toxicity of the LPS). 
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This system is suitable for labile proteins which would not be directly exposed 
to the outside of the bleb. The bleb would therefore act as a delivery vehicle which 
would expose the protein to the immune system once the blebs had been engulfed by 
T-cells. Alternatively, the genetic fusion should also comprise a signal peptide or 
5 transmembrane domain such that the recombinant protein may cross the outer 
membrane for exposure to the host's immune system. 

This targeting strategy might be of particular interest in the case of genes 
encoding proteins that are not normally targeted to the outer-membrane. This 
methodology also allows the isolation of recombinant blebs enriched in the protein of 

10 interest. Preferably, such a peptide targeting signal allows the enrichment of outer 
membrane blebs in one or several proteins of interest, which are nafiirally not found in 
that given subcellular localizatioiL A non exhaustive list of bacteria diat can be used 
as a recipient host for such a production of recombinant blebs includes Neisseria 
meningitidis^ Neisseiria gonorrhoeae Moraxdla catarrhalis^ Haemophilus influenzae, 

15 Pseudomonas aeruginosa^ Chlamydia trachomatis^ and Chlamydia pneumoniae. 

Although it is preferred that the gene for the construct is engineered into the 
chromosome of the bacterium [using process i)], an alternative preferred embodiment 
is for SA£P*2-tagged recombinant proteins to be made independently, and attached at 
a later stage to a bleb preparation. 

20 A further embodiment is the use of such constructs in a method of protein 

purification. The system could be used as part of an expression system for producing 
recombinant proteins in general. The SAEP-2 peptide tag can be used for affinity 
purification of the protein to which it is attached using a colunm containing 
immobilised lipid A molecules. 

25 

Process h) - Cross-reactive polysaccharides 

The isolation of bacterial outer-membrane blebs fiom encapsulated Gram- 
negative bacteria often results in die co-purification of capsular polysaccharide. In 
some cases, this "contaminant" material may prove useful since polysaccharide may 
30 enhance the inunune response conferred by other bleb components. In other cases 
however, the presence of contaminating polysaccharide material in bacterial bleb 
prepararions may prove detrimental to the use of the blebs in a vaccine. For instance. 
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it has been shown at least in the case of N. meningitidis that the serogroup B capsular 
polysaccharide does not confer protective immunity and is susceptible to induce an 
adverse auto-inunune response in humans. Consequently, process h) of the invention 
is the engineering of the bacterial strain for bleb production such that it is free of 
5 capsular polysaccharide. The blebs will then be suitable for use in humans. A 
particularly preferred example of such a bleb preparation is one from N. meningitidis 
serogroup B devoid of capsular polysaccharide. 

This may be achieved by using modified bleb production strains in which the 
genes necessary for capsular biosynthesis and/or export have been impaired. 

10 Inactivation of the gene coding for capsular polysaccharide biosynthesis or e3q)ort can 
be achieved by mutating (point mutation, deletion or insertion) either the control 
region, die coding region or both (preferably using the homologous recombination 
techniques described above). Moreover, inactivation of capsular biosynthesis genes 
may also be achieved by antisense over-expression or transposon mutagenesis. A 

15 preferred method is the deletion of some or all of the Neisseria meningitidis cps genes 
required for polysaccharide biosynthesis and export For this purpose, the replacement 
plasmid pMF121 (described in Frosh et al.l990, MoL McrobioL 4:1215-1218) can be 
used to deliver a mutation deleting die cpsCAD (+ galE) gene cluster. Alternatively 
the siaD gene could be deleted, or down-regulated in expression (the meningococcal 

20 siaD gene encodes alpha-2,3-sialyltransferase, an enzyme required for capsular 
polysaccharide and LOS synthesis). Such mutations may also remove host-similar 
structures on the saccharide portion of the LPS of the bacteria. 



Process i) - Delivery of one or more further copies of a Gene and/or opcron in a host 
25 chromosome, or delivery of a heterlogous gene and/or operon in a host chromosome. 

An efficient strategy to modulate die composition of a Bleb prqiaration is to 
deliver one or more copies of a DNA segment containing an expression cassette into 
the genome of a Gram*negative bacterium. A non exhaustive list of preferred bacterial 
species that could be used as a recipient for such a cassette includes Neisseria 
30 meningitidis^ Neisseiria gonorrhoeae, Moraxella catarrhalis, Haemophilus 
influenzae, Pseudomonas aeruginosa. Chlamydia trachomatis. Chlamydia 
pneumoniae. The gene(s) contained in die expression cassette may be homologous (or 

If 
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endogenous) (i.e. exist naturally in the genome of the manipulated bacterium) or 
heterologous (i.e. do not exist naturally in the genome of the manipulated bacterium). 
The reintroduced expression cassette may consist of unmodified, "naturaP* 
promoter/gene/operon sequences or engineered expression cassettes in which the 
5 promoter region and/or the coding region or both have been altered. A non-exhaustive 
list of preferred promoters that could be used for npression includes the promoters 
porA^porB^ IbpB^ tbpB^pllO^ Ist^ hpuAB from N, meningitidis otN. gonorroheae^ the 
promoters p2, p5, p4, ompF, pi, ompH, p6, hin47 from H. influenzae, the promoters 
ompH, ompG, ompCD, ompE, ompBl, ompB2, ompA of A/, catarrhalis, the 

10 promoter XpL, /ac, toe, aroB of Escherichia coli or promoters recognized specifically 
by bacteriophage RNA polymerase such as ttie E. coli bacteriophage T7. A non- 
exhaustive list of preferred genes that could be expressed in such a system includes 
Neisseria NspA, Omp85, PilQ, TbpA/B complex, Hsf; PldA, HasR; Chlamydia 
MOMP, HMWP; Moraxella OMP106, HasR, PilQ, OMP85, PldA; Bordetella 

15 pertussis FHA^PRti^n, 

In a preferred embodiment of the invention the e:q>ression cassette is delivered 
and mtegrated in the bacterial chromosome by means of homologous and/or site 
specific recombination. Integrative vectors used to deliver such genes and/or operons 
can be conditionally rq>licative or suicide plasmids, bacteriophages, transposons or 

20 linear DNA fragments obtained by restriction hydrolysis or PCR amplification. 
Integration is preferably targeted to chromosomal regions dispensable for growth in 
vitro. A non exhaustive list of preferred loci that can be used to target DNA 
integration includes tfie porA, porB^ opa^ opc^ rmp, omp26, lecA, cps, IgtB genes of 
Neisseiria meningitidis and Neisseria gonorrhoeae^ Ae PI. P5, hmwl/2, IgA- 

25 protease. fimE genes of NTHi; die lecAl, lecA2, ompl06, uspAI, uspA2 genes of 
Moraxella catarrhalis. Alternatively, the expression cassette used to modulate tiie 
expression of bleb component(s) can be delivered into a bacterium of choice by means 
of episomal vectors such as circular/linear rephcative plasmids, cosmids, phasmids, 
lysogenic bacteriophages or bacterial artificial chromosomes. Selection of the 

30 recombination event can be selected by means of selectable genetic marker such as 
genes conferring resistance to antibiotics (for instance kanamycin, erythromycin, 
chloramphenicol, or gentamycin), gwies conferring resistance to heavy metals and/or 
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toxic compounds or genes complementing auxotrophic mutations (for instance pur, 
leu, met, aro). 

Heterologous Genes - Expression of foreign proteins in outer-membrane blebs 

5 Outer-membrane bacterial blebs represent a very attractive system to produce, 

iisolate and deliver recombinant proteins for vaccine, therapeutic and/or diagnostic 
uses. A further aspect of this invention is in respect of the expression, production and 
targeting of foreign, heterologous proteins to the outer-membrane, and the use of the 
bacteria to produce recombinant blebs. 

10 A piefeired method of achieving this is via a process comprising the steps of: 

introducing a heterologous gene, optionally controlled by a strong promoter sequence, 
into the chromosome of a Gram-^negative strain by homologous recombination. Blebs 
may be made from the resulting modified strain. 

A non-exhaustive list of bacteria that can be used as a recipient host for 

15 production of recombinant blebs includes Neisseria meningitidis^ Neisseiria 
gonorrhoeae Moraxella catarrhalis^ Haemophilus influenzae^ Pseudomonas 
aGHginosOj Chlamydia trachomatis^ Chlamydia pneumoniae. The gene expressed in 
such a system can be of viial, bacterial, fungal, parasitic or higher eukaryotic origin. 
A preferred q>plication of the invention includes a process for the expression 

20 of Moraxella^ Haemophilus and/or Pseudomonas outer-membrane proteins (integral, 
polytopic and/or lipoproteins) in Neisseria meningitidis recombinant blebs. The 
preferable integration loci are stated above, and genes tiiat are preferably introduced 
are tiiose that provide protection against the bacterium firom which they were isolated 
Prefetred protective genes for each bacterium are described below. 

25 Further preferred applications are: blebs produced from a modified 

Haemophilus influenzae strain where the heterologous gene is a protective OMP from 
Moraxella catarrhalis; and blebs produced from a modified Moraxella catarrhalis 
strain where die heterologous gene is a protective OMP from Haemophilus influenzae 
(preferred loci for gene insertion are given above, and preferred protective antigens 

30 are described below). 

A particularly preferred application of this aspect is in the field of the 
prophylaxis or treatment of sexually-transmitted diseaseses (STDs). It is often 
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di£5cult for practitioners to determine whether the principal cause of a STD is due to 
gonococcus or Chlamydia trachomatis infection. These two organisms are the main 
causes of salpingitis - a disease which can lead to sterility in the host It would 
therefore be useful if a STD could be vaccinated against or treated with a combined 
5 vaccine effective against disease caused by both organisms. The Major Outer 
Membrane Protein (MOMP) of C. trachomatis has been shown to be the target of 
protective antibodies. However, the structural integrity of this integral membrane 
protein is important for inducing such antibodies. In addition, the epitopes recognised 
by these antibodies are variable and define more than 10 serovars. The previously 

10 described aspect of this invention allows the proper folding of one or more membrane 
proteins within a bleb outer membrane preparation. The engineering of a gonococcal 
strain expressing multiple C. trachomatis MOMP serovars in the outer membrane, and 
the production of blebs dierefirom, produces a single solution to the multiple problems 
of correctly folded membrane proteins, the presentation of sufficient MOMP serovars 

15 to protect against a wide ^ectrum of serovars, and the simultaneous 
prophylaxis/treatment of gonococcal infection (and consequendy the non-requirement 
of practitioners to initially decide which organism is causing particular clinical 
symptoms - hoUx organisms can be vaccinated against simultaneously thus allowing 
the treatment of the STD at a very early stage). Preferred loci for gene insertion in the 

20 gonoccocal chromosome are give above. Other preferred, protective C trachomatis 
genes that could be incorporated are HMWP, PmpG and those OMPs disclosed in WO 
99/28475. 

Targeting of heterologous proteins to outer-^membrane blebs: 

25 The expression of some heterologous proteins in bacterial blebs may require 

die addition of outer-membrane targeting signal(s). The preferred mediod to solve this 
problem is by creating a genetic fusion between a heterologous gene and a gene 
coding for a resident OMP as a specific s^prpach to target recombinant proteins to 
blebs. Most preferably, the heterologous gene is fused to the signal pq)tides sequences 

30 ofsuchanOMP. 
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Neisserial bleb preparations 

One or more of ttie following genes (encoding protective antigens) are 
prefenred for upregulation via processes b) and/or i) when carried out on a Neisserial 
strain, including gonococcus, and meningococcus (particularly N, meningitidis B): 
5 NspA (WO 96/29412). Hsf-like (WO 99/31132), Hap (PCT/EP99/02766), PorA. 
PorB, OMP85 (WO 00/23595), PilQ (PCT/EP99/03603), PldA (PCT/EP99/06718), 
FrpB (WO 96/31618), TbpA (US 5,912,336), TbpB, FrpA/FrpC (WO 92/01460), 
LbpA/LbpB (PCT/EP98/05117), FhaB (WO 98/02547), HasR (PCT/EP99/05989). 
Iipo02 (PCT/EP99/08315), Tbp2 (WO 99/57280). MltA (WO 99/57280), and ctrA 
ID (PCT/EPOO/00135). They are also preferred as genes which may be heterologously 
introduced into other Gram-negative bacteria. 

One or more of the following genes are preferred for downregulation via 
process a): PorA, PorB, PilC, TbpA, TbpB, Lt^A, LbpB, Opa, and Opc. 

One or more of the following genes are preferred for downregulation via 
IS process d):htrB.msbB and IpxK. 

One or more of the following genes are preferred for upregulation via process 
e): pmrA, pmrB, pnurE, and pmrF. 

Preferred repressive control sequences for process c) are: the Jur operator 
region (particularly for either or both of the TbpB or LbpB genes); and the DtxR 
20 operator region. 

One or more of the following genes are preferred for downregulation via 
process h): galE, siaA, siaB, siaC, siaD, ctrA, ctrB, ctrC, and ctrD. 

Pseudomonas aeruginosa bleb preparations 
25 One or more of the following genes (encoding protective antigens) are 

preferred for iq>regulation via processes b) and/or i): PcrV, OprF, Oprl. They are also 
preferred as genes which may be heterologously introduced into odier Gram-negative 
bacteria. 

30 Moraxella catarrhalis bleb preparations 

One or more of the following genes (encoding protective antigens) are 
preferred for upregulation via processes b) and/or i): OMP106 (WO 97/41731 & WO 
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96/34960). HasR (PCT/EP99/03824), PilQ (PCT/EP99/03823). OMP85 
(PCT/EPOO/01468), lipo06 (GB 9917977.2). lipolO (GB 9918208.1), lipoll (GB 
9918302.2), lipol8 (GB 9918038.2). P6 (PCT/EP99/03038), ompCD. CopB 
(Helminen ME, ct al (1993) Infect Immun. 61:2003-2010), D15 (PCT/EP99/03822), 
OmplAl (PCT/EP99/06781), Hly3 (PCrr/EP99/03257), LbpA and LbpB (WO 
98/55606), TbpA and TbpB (WO 97/13785 & WO 97/32980), OmpE, UspAl and 
UspA2 (WO 93/03761), and Omp21. They are also preferred as genes which may be 
heterologously introduced into other Gram-negative bacteria. 

One or more of the following genes are preferred for downregulation via 
process a): CopB. OMP106, OmpBl. TbpA, TbpB, LbpA, and LbpB. 

One or more of die following genes are prefened for downregulation via 
process d): htrB, msbB and IpxK. 

One or more of the following genes are prefened for iq)regulation via process 
e): pmrA, pmrB, pmrE, and pmrF. 

Haemophilus influenzae bleb preparatioDS 

One or more of die following genes (encoding protective andgens) are 
prefened for upreguladon via processes b) and/or i): D15 (WO 94/12641). P6 (EP 
281673), TbpA, TbpB, P2, P5 (WO 94/26304), OMP26 (WO 97/01638). HMWl, 
HMW2, HMW3. HMW4, Hia, Hsf, Hap, Hin47, and Hif (all genes in diis operon 
should be upregulated in order to upregulate pilin). They are also prefened as genes 
which may be heterologously introduced into other Gram-negative bacteria. 

One or more of the following genes are prefened for downregulation via 
process a): P2, P5, Hif, IgAl -protease, HgpA, HgpB, HMWl, HMW2, Hxu, TbpA, 
and TbpB. 

One or more of die following genes are preferred for downregulation via 
process d): htrB, msbB and IpxK. 

One or more of die following genes are preferred for upregulation via process 
e): pmrA, pmrB, pmrE, and pmrF. 



* 
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Vaccine Formulations ' 

A preferred embodiment of the invention is the formulation of die bleb 
preparations of the invention in a vaccine which may also comprise a 
pharmaceudcally acceptable excipient 
5 The manufacture of bleb preparations from any of the aforementioned 

modified strains may be achieved by any of the methods well known to a skilled 
person. Preferably the methods disclosed in EP 301992, US 5,597,572, EP 11243 or 
US 4,271,147 are used. Most preferably, the method described in Example 8 is used. 

Vaccine preparation is generally described in Vaccine Design CThe subunit 
10 and adjuvant approach" (eds Powell M.F, & Newman MJ.) (1995) Plenum Press New 
York). 

The bleb preparations of the present invention may be adjuvanted in the 
vaccine formulation of the inventiorL Suitable adjuvants include an aluminium salt 
such as aluminum hydroxide gel (alum) or aluminium phosphate, but may also be a 

15 salt of calcium (particularly calcium carbonate^ iron or zinc, or may be an insoluble 
suspension of acylated tyrosine, or acylated sugars, catioiucally or anionically 
derivatised polysaccharides, or polyphosphazenes. 

Suitable Thl adjuvant systems that may be used include, Monc^hosphoryl 
lipid A, particularly 3-de-O-acylated monophosphoryl lipid A, and a combination of 

20 monophosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl lipid A (3D- 
MPL) together with an aluminium salt An enhanced system involves the combination 
of a monophosphoryl lipid A and a saponin derivative particularly the combination of 
QS21 and 3D-MPL as disclosed in WO 94/00153, or a less reactogenic composition 
where the QS21 is quenched with cholesterol as disclosed in W096/33739. A 

25 particularly potent adjuvant formulation involving QS21 3D-MPL and tocopherol in 
an oil in water emulsion is described in WO9S/17210 and is a preferred formulation. 

The vaccine may comprise a $a{>onin, more preferably QS2L It may also 
comprise an oil in water emulsion and tocopherol. Unmediylated CpG containing 
oli^ nucleotides (WO 96/02SSS) are also preferential inducers of a THl response and 

30 are suitable for use in die present invention. 

The vaccine preparation of the present invention may be used to protect or 
treat a manunal susceptible to infection, by means of administering said vaccine via 
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systemic or mucosal route. These administrations may include injection vta Ae 
intramuscular, intraperitoneal, intradenmal or subcutaneous routes; or via mucosal 
administration to tihe oral/alimentary, respiratory, genitourinary tracts. Thus one 
aspect of the present invention is a method of immunizing a human host against a 
5 disease caused by infection of a gram-negative bacteria, which method comprises 
administering to the host an immunoprotective dose of the bleb preparation of the 
present invention. 

The amount of antigen in each vaccine dose is selected as an amount which 
induces an immunoprotective response without significant, adverse side effects in 
10 typical vaccinees. Such amount will vary depending upon which specific immimogen 
is employed and how it is presented. Generally, it is expected that each dose will 
conq[>rise 1-lOOfig of protein antigen, preferably S-SO^g, and most typically in the 
range S - 2S|ig. 

An optimal amount for a particular vaccine can be ascertained by standard 
IS studies involving observation of appropriate immune responses in subjects. 
Following an initial vaccination, subjects may receive one or several booster 
immunisations adequately spaced. 

Ghost or Killed Whole cell vaccines 

20 The inventors envisage diat die above improvements to bleb preparations and 

vaccines can be easily extended to ghost or killed whole cell preparations and 
vaccines (with identical advantages). The modified Gram-negative strains of die 
invention fiom which the bleb preparations are made can also be us^ to made ghost 
and killed whole cell preparations. Methods of making ghost preparations (empty cells 

25 with intact envelopes) fiom Gram-negative strains are well known in die art (see for 
example WO 92/01791). Methods of killing whole cells to make inactivated ceil 
prq>arations for use in vaccines are also well known. The terms 'bleb preparations* 
and 'bleb vaccines* as well as die processes described duoughout this document are 
dierefore applicable to die terms 'ghost preparation' and 'ghost vaccine*, and 'killed 

30 whole cell preparation* and 'killed whole cell vaccine*, respectively, for die purposes 
of this invention. 

3V 
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Combinations of methods a) - i) 

It may be appreciated that one or more of the above processes may be used to 
produce a modified strain from which to make improved bleb preparations of the 
invention. Preferably one such process is used, more preferably two or more (2, 3, 4, 
5 5, 6. 7, 8 or 9) of the processes are used in order to manu&ctuie the bleb vaccine. As 
each additional method is used in die manufacture of the bleb vaccine, each 
improvement works in conjunction with the other methods used in order to make an 
optimised engineered bleb preparation. 

A preferred meningococcal (particularly N. meningitidis B) bleb preparation 

10 comprises the use of processes a), b), d) and/or e), and h). Such bleb preparations are 
safe (no structures similar to host structures), non-toxic, and structured such ttiat the 
host immune response will be focused on high levels of protective (and prefaably 
conserved) antigens. All the above elements work together in order to provide an 
optimised bleb vaccine. 

15 Similarly for M. calanfaaiis and non-typeable H. influenzae, prefened bleb 

inreparations comprise tfie use of processes a), b), and d) and/or e). 

A further aspect of the invention is thus an immuno-protective and non-toxic 
Gram-negative bleb, ghost, or killed cell vaccine suitsd>le for paediatric use. 
By paediatric use it is meant use in infiuits less than 4 years old. 

20 By immunoprotective it is meant that at least 40% (and preferably 50, 60, 70, 

80, 90 and 100%) of infimts seroconvert (4-foid increase in bactericidal activity [die 
dilution of antisera at which 50% of bacteria die - see for example PCT/EP98/051 17]) 
against a set of heterologous strains to be selected from the major clonal groups 
known. For meningococcus B these stains should have a difforent PorA type from the 

25 bleb production strain, and should preferably be 2, 3, 4 or, most preferably, all 5 of 
strains H44/76, M97/252078, BZIO, NGP165 and CU385. For non-typeable K 
influenzae, the strains should preferably be 2, 3, 4 or, most preferably, all 5 of strains 
3224A. 3219C, 3241 A, 640645, and A840177. For A£ catarrhalis, the strains should 
preferably be 2, 3, 4 or, most preferably, all 5 of strains ATCC 43617, 14, 358, 216 

30 and 2926. 
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By non-toxic it is meant tbat Aere is a significant (2-4 fold, preferably 10 fold) 
decrease of endotoxin activity as measured by the well-known LAL and pyrogenicity 
assays. 

5 Vaccine Combinations 

A further aspect of the invention are vaccine combinations comprising the bleb 
preparations of the invention with other antigens which are advantageously used 
against certain disease states. It has been found that blebs are particularly suitable for 
formulating with other antigens, as they advantageously have an adjuvant effect on the 

10 antigens they are mixed with. 

In one preferred combination, the meningoccocus B bleb preparations of the 
invention are formulated with 1, 2, 3 or preferably all 4 of the following 
meningococcal capsular polysaccharides which may be plain or conjugated to a 
protein carrier A, C, Y or W. Such a vaccine may be advantageously used as a global 

15 mraingococcus vaccine. Rather than use the .meningoccocus B bleb preparations-of . 
tiie invention, it is also envisaged that the formulation could alternatively contain 
wild-type meningococcus B bleb preparations from 2 or more preferably several) 
strains belonging to several subtype/serotypes (for instance chosen from Pl.lS, 
PL7,16,PIAandPlJ). 

20 In a further preferred embodiment, the meningoccocus B bleb preparations of 

the invention [or the aforementioned mix of 2 or more wild-type meningococcus B 
bleb preparations], preferably formulated with 1, 2, 3 or all 4 of the plain or 
conjugated meningococcal capsular polysaccharides A, C, Y or W, are formulated 
with a conjugated H, influenzae b capsular polysaccharide, and one or more plain or 

25 conjugated pneumococcal capsular polysaccharides. Optionally, the vaccine may also 
comprises one or more protein antigens that can protect a host against Streptococcus 
pneumoniae infection. Such a vaccine may be advantageously used as a global 
meningitis vaccine. 

The pneumococcal capsular polysaccharide antigens are preferably selected 
30 from serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, lOA, llA. 12F, 14, 15B, 17F. 18C, 
19A, 19F, 20, 22F, 23F and 33F (most preferably from serotypes 1, 3, 4, S, 6B, 7F, 
9V,14,18C,19Fand23F). 

3^ 
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Preferred pneumococcal proteins antigens are those pneumococcal proteins 
which are exposed on die outer surface of the pneumococcus (capable of being 
recognised by a host's immune system during at least part of the life cycle of the 
pneumococcus), or are proteins which are secreted or released by the pneumococcus. 

5 Most preferably, the protein is a toxin, adhesin, 2-component signal tranducer, or 
lipoprotein of Streptococcus pneumoniae^ or fragments diereof. Particularly preferred 
proteins include, but are not limited to: pneumolysin (preferably detoxified by 
chemical treatment or mutation) [Mitchell et aL Nucleic Acids Res. 1990 Jul 11; ' 
18(13): 4010 "Comparison of pneumolysin genes and proteins from Streptococcus 

10 pneumoniae types I and 2.", Mitchell et aL Biochim Biophys Acta 1989 Jan 23; 
1007(1): 67-72 "Expression of the pneumolysin gene in Escherichia coli: r^id 
purification and biological properties.", WO 96/05859 (A. Cyanamid), WO 90/06951 
(Paton et al), WO 99/03884 (NAVA)]; PspA and transmembrane deletion variants 
thereof (US 5804193 - Briles et al.)\ PspC and transmembrane deletion variants 

15 thereof (WO 97/09994 • Briles et al); PsaA and transmembrane deletion variants 
thereof (Deny & Paton, Infect Immun 1996 Dec;64(12):52S5-62 "Sequence 
heterogeneity of PsaA, a 37-kilodalton putative adhesin essoitial for virulence of 
Streptococcus pneumoniae^); pneumococcal choline binding proteins and 
transmembrane deletion variants thereof; CbpA and transmembrane deletion variants 

20 thereof (WO 97/41151; WO 99/51266); Glyceraldehyde-3-phosphate - 
dehydrogenase (Infect Inunun. 1996 64:3544); HSP70 (WO 96/40928); PcpA 
(Sanchez*Beato et al. FEMS Microbiol Lett 1998, 164:207-14); M like protein, SB 
patent application No. BP 0837130; and adhesin 18627, SB Patent s^plication No. £P 
0834568. Further prefeired pneumococcal protein antigens are those disclosed in WO 

25 98/18931, particularly those selected in WO 98/18930 and PCT/US99/30390. 

In a further preferred embodiment, the Moraxella catarrhalis bleb preparations 
of the invention are formulated with one or more plain or conjugated pneumococcal 
capsular polysaccharides, and one or more antigens that can protect a host against 
non-typeable K influenzae infection. Optionally, the vaccine may also conqtrise one 

30 or more protein antigens that can protect a host against Streptococcus pneumoniae 
infection. The vaccine may also optionally comprise one or more antigens that can 
protect a host against RS V and/or one or more antigens diat can protect a host against 
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influenza virus. Such a vaccine may be advantageously used as a global otitis media 
vaccine. 

Preferred non-typeable H. influenzae protein antigens include Fimbrin protein 
(US S766608) and fusions comprising peptides therefrom (eg LBl Fusion) (US 
5 5843464 - Ohio State Research Foundation), OMP26, P6, protein D, TbpA, TbpB. 
Hia, Hmwl, Hmw2, Hs^, and DIS. 

Prefened influenza vims antigens include whole, live or inactivated virus, split 
influenza virus, grown in eggs or MDCK cells, or Vero cells or whole flu virosomcs 
(as described by R. Gluck, Vaccine, 1992, 10, 915-920) or purified or recombinant 
10 proteins thereof; such as HA, NP, NA, or M proteins, or combinations diereof. 

Preferred RSV (Respiratory Syncytial Virus) antigens include the F 
glycoprotein, the G glycoprotein, the HN protein, or derivatives thereof. 

In a still further preferred embodiment, the non-Qpeable K influenzae bleb 
preparations of the invention are formulated widi one or more plain or conjugated 
15 pneumococcal capsular polysaccharides, and one or more antigens that can protect a 
host against Af. catarrhalis infection. Optionally, die vaccine may also comprise one 
or more protein antigens diat can protect a host against Streptococcus pneumoniae 
infection. The vaccine may also optionally comprise one or more antigens that can 
protect a host against RSV and/or one or more antigens.lhat can protect a host against 
20 influenza virus. Such a vaccine may be advantageously used as a global otitis media 
vaccine. 

Nucleotide sequences of the invention 

A further aspect of the invention relates to ttie provision of new nucleotide 
25 sequences which may be used in die processes of the invention. Specific upstream 
regions firom various genes firom various strains are provided which can be used in, for 
instance, processes a), b), d) and h). In addition, coding regions are provided for 
performing process d). 

30 General method for the analysis of the non-coding flanking region of a bacterial gene, 
and its exploitation for modulated expression of the gene in blebs 
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The non-coding flanking regions of a specific gene contain regulatory 
elements important in the expression of the gene. This regulation takes place both at 
the transcriptional and translational level. The sequence of these regions, either 
upstream or downstream of the open reading frame of the gene, can be obtained by 
S DNA sequencing. This sequence information allows the determination of potential 
regulatory motife such as the different promoter elements, terminator sequences, 
inducible sequence elements, repressors, elements responsible for phase variation, the 
Shine-Dalgamo sequence, regions with potential secondary structure involved in 
regulation, as well as other types of regulatory motifs or sequences. 

10 This sequence information allows the modulation of the natural expression of 

the gene in question. The upregulation of the gene ejqpression may be accomplished 
by altering the promoter, the Shine-Dalgamo sequence, potential repressor or operator 
elements, or any oAer elements involved Likewise, downregulation of expression can 
be achieved by similar types of modifications. Alternatively, by changing phase 

15 variation sequences, the expression of die g»e can be put under phase variation 
control, or may be uncoupled from diis regulation. In another abroach, die expression 
of the gene can be put under the control of one or more inducible elements allowing 
regulated expressioa Exanqiles of such regulation includes, but is not limited to, 
induction by temperature shift, addition of inductor substrates like selected 

20 carbohydrates or dieir derivatives, trace elements, vitamins, co-fectors, metal ions, etc. 

Such modifications as described above can be introduced by several different 
means. The modification of sequences involved in gene e;q>ression can be done in 
vivo by random mutagenesis followed by selection for the desired phenotype. Another 
approach consists in isolating the region of interest and modifying it by random 

25 mutagenesis, or site-directed replacement, insertion or deletion mutagenesis. The 
modified region can then be reintroduced into the bactoial genome by homologous 
recombination, and the effect on gene expression can be assessed. In anodier 
approach, the sequence knowledge of die region of interest can be used to replace or 
delete all or part of die natural regulatory sequences. In dus case, the regulatory region 

30 targeted is isolated and modified so as to contain die regulatory elements from anodier 
gene, a combination of regulatory elements from different genes, a syndietic 
regulatory region, or any odier regulatory region, or to delete selected parts of die 
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wild-type regulatory sequences. These modified sequences can then be reintroduced 
into the bacteriiun via homologous recombination into the genome. 

In process b), for example, the expression of a gene can be modulated by 
exchanging its promoter with a stronger promoter (through isolating the upstream 
5 sequence of die gene, in vitro modification of this sequence, and reintroduction into 
the genome by homologous recombination). Upregulated expression can be obtained 
in both the bacterium as well as in the outer membrane vesicles shed (or made) from 
the bacterium. 

In other preferred examples, the described approaches can be used to generate 
10 recombinant bacterial strains with improved characteristics for vaccine applications, 
as described above. These can be, but are not limited to, attenuated strains, strains 
with increased expression of selected antigens, strains with knock-outs (or decreased 
expression) of genes interfering with the immune response, and strains with 
modulated expression of immunodominant proteins. 

S£Q ID NO:2-23, 2S, 27-38 are all Neisseria! upstream sequences (upstream 
of the initiation codon of various preferred genes) comprising approximately 1000 bp 
each. SEQ ID NO: 39-62 are all A/, catarrhalis upstream sequences (upstream of the 
initiation codon of various preferred genes) comprising approximately 1000 bp eacL 

20 SEQ ID NO: 63-75 are all K influenzae upstream sequences (upstream of ttie 
initiation codon of various preferred genes) conq>rising approximately 1000 each. 
All of these can be used in genetic methods (pardcularly homologous recombination) 
for up-regulating, or down-regulating die opm reading fiames to which they are 
associated (as described before). SEQ ID NO: 76-81 are the coding regions for the 

25 HtrB and ^4sbB genes firom Neisseria, Af. catarrhalis, and Haemophilus influenzae. 
These can be used in genetic methods (particularly homologous recombination) for 
down-regulating (in particular deleting) part (preferably all) of these genes [process 
d)]. 

Another aspect of the invention is thus an isolated polynucleotide sequence 
30 which hybridises under highly stringent conditions to at least a 30 nucleotide portion 
of the nucleotides in SEQ ID NO: 2-23, 2S, 27-81 or a complementary strand thereof. 
Preferably the isolated sequence should be long enough to perform homologous 

HO 
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recombination with the chromosomal sequence if it is part of a suitable vector - 
namely at least 30 nucleotides (preferably at least 40, 50, 60, 70, 80, 90, 100, 200, 
300, 400, or 500 nucleotides). More preferably the isolated polynucleotide should 
comprise at least 30 nucleotides (preferably at least 40, 50, 60, 70, 80, 90, 100, 200, 
5 300, 400, or 500 nucleotides) of SEQ ID NO: 2-23, 25, 27-81 or a complementary 
strand thereof. 

As used herein, highly stringent hybridization conditions include, for example, 
6X SSC, SX Denhardt, 0.5% SDS, and 100 ^g/mL fragmented and denatured salmon 
sperm DNA hybridized overnight at 65 and washed in 2X SSC, 0.1% SDS one 

10 time at room temperature for about 10 minutes followed by one time at 65 X for 
about 15 minutes followed by at least one wash in 0.2X SCC, Q.1% SDS at room 
temperature for at least 3-5 minutes. 

A jfiirther aspect is the use of the isolated polynucleotide sequences of the 
invention in performing a genetic engineering event (such as transposon insertion, or 

15 site specific mutation or deletion, but preferably a homologous recombination event) 
within 1000 bp upstream of a Gram-negative bacterial chromosomal gene in order to 
either increase or decrease expression of the gene. Preferably the strain in which the 
recombination event is to take place is the same as the strain from which the upstream 
sequences of the invention were obtained. However, the meningococcus A, B, C, Y 

20 and W and gonococcus genomes are sufBciently similar that iq>stream sequence from 
any of these strains may be suitable for designing vectors for performing such events 
in the other strains. This is may also be the case for Haemophilus influence and non- 
typeable Haemophilus influenzae. 



wo 01/09350 



PCT/EP00y07424 



EXAMPLES 

The examples below are earned out using standard techniques, which are well known and 
routine to diose of skill in the art, except where otherwise described in detail. The 
5 examples are illustrative, but do not limit the invention. 

Example 1: Construction of a Neisseiria meningitidis scrogroup B strain lacking 
capsular polysaccharides. 

ID The piasmid pMF121 (Frosch et al., 1990) has been used to construct a Neisseria 
meningitidis B strain lacking the capsular polysaccharide. This piasmid contains the 
flanking regions of the gene locus coding for the biosynthesis pathway of the group B 
polysaccharide (B PS), and die erythromycin resistance gene. Deletion of the B PS 
resulted in loss of expression of the group B cqisular polysaccharide as well as a 

15 deletion in tfie active copy of galE leading to the syndiesis of galactose deficient LPS. 

Strain transformation: 

Neisseria meningitidis B H44/76 strain (B:15:P1.7, 16;Los 3,7,9) was selected for 
transformation. After an ovemight CO, incubation on MH plate (widiout 

20 eiydiromycin), cells were collected in liquid MH containing 10 mM MgCl, (2 ml 
were used per MH plate) and diluted up to an OD of 0.1 (550 nm). To this 2 ml 
solution, 4 ^1 of die piasmid pMF121 stock solution (O.S ^g/ml) were added for a 6 
hours incubation period at 37^C (with shaking). A control group was done with the 
same amount of Neisseria meningitidis B bacteria, but wi&out addition of piasmid 

25 After die incubation period, 100 jil of culture, as such, at 1/10, 1/100 and 1/1000 
dilutions, were put in MH plates containing 5, 10, 20, 40 or 80 ^g eiythromycin /ml 
before incubation for 48 hours at ZT'C. 

Colony blotting : 

30 After plate incubation, 20 colonies were grown and selected from the 10 and 20 (ig 
erythromycin/ml MH plates, while diere was no colony growth in the control group 
without piasmid transformation. The H44/76 wild type strain was unable to grow in 

til 
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the selected eiythromycin plates (10 to 80 (ig erythromycin/ml). The day after, all the 
visible colonies were placed on new MH plates without eiythromycin in order to let 
them grow. Afterwards, they were transferred onto nitrocellulose sheets (colony 
blotting) for presence of B polysaccharide. Briefly, colonies were blotted onto a 
S nitrocellulose sheet and rinsed directly in PBS-O.OS % Tween 20 before cell 
inactivation for 1 hour at 56*C in PBS-0.05% Tween 20 (diluant buffer). Afterwards, 
the membrane was overlaid for one hour in the diluant buffer at room temperature 
(RT). Then, sheets were washed again for three times 5 minutes in the diluant buffer 
before incubation with the anti-B PS 735 Mab (Boerhinger) diluted at 1/3000 in the 

10 diluant buffer for 2 hours at RT. After a new washing step (3 times 5 minutes), the 
monoclonal antibody was detected with a biotinylated anti-mouse Ig from Amersham 
(RPN 1001) diluted 500 times in tiie diluant buffer (one hour at RT) before the next 
washing step (as described above). Afterwards, sheets were incubated for one hour at 
RT with a solution of streptavidin-peroxidase complex diluted 1/1000 in die diluant 

15 buffer. After the last three washing stei^ using the same mediod, nitrocellulose sheets 
were incubated ft)r 15 min in the dark using die revelation solution (30 mg of 4- 
chloro-l-ni4>htol solution in 10 ml medianol plus 40 ml PBS and 30 mcl of H2O2 37% 
from Merck). The reaction was stopped with a distillated water-washing step. 

20 Whole cell Elisas: 

Whole cell Elisas were also done using die two transformed colonies CD** and 

TR") and the wild type strain (H44/76) as coated bacteria (20 ^g protein/ml), and a set 

of different monoclonal antibodies used to characterize Neisseria meningitidis strains. 

The following Mabs were tested: anti-B PS (735 from Dr Frosch), and the other Mabs 
25 from NIBSC: anti-B PS (Rcf 95/750) anti-Pl.7 (A-PorA, Ref 4025), anti-P1.16 (A- 

PorA, Ref 95/720), anti-Los 3,7,9 (A-LPS, Ref 4047), anti-Los 8 (A-LPS, Ref 4048). 

and anti-Pl.2 (A-PorA Ref 95/696). 

Microtiter plates (Maxisorp, Nunc) were coated with 100 fil of die 

recombinant meningococcal B cells solution overnight (ON) at ZTC at around 20 
30 fig/ml in PBS. Afterwards, plates are washed three times witii 300 fil of 150 mM 

NaCl - 0.05 % Tween 20, and were overlaid witii 100 ^1 of PBS-0.3 % Casein and 

incubated for 30 min at room temperature widi shaking. Plates were washed again 

13 
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using the same procedure before incubation with antibodies. Monoclonal antibodies 
(100 ^1) were used at different dilutions (as shown in Figure 2) in PBS-0.3 % Casein 
O.OS % Tween 20 and put onto the microplates before incubation at room temperature 
for 30 min with shaking, before die next identical washing step. 100 fxl of the and- 
S mouse Ig (from rabbit, Dakopatts E04I3) conjugated to biotin and diluted at 1/2000 in 
PBS-0.3 % Casein - O.OS % Tween 20 were added to the w^lls to detect bound 
monoclonal antibodies. After the washing step (as before), plates were incubated with 
a streptavidin-peroxidase complex solution (100 ^l of the Amersham RPN lOSl) 
diluted at 1/4000 in the same working solution for 30 min at room temperature under 
10 shaking conditions. After this incubation and the last washing step, plates are 
incubated with 100 ^1 of the chromogen solution (4 mg orthophenylenediamine 
(OPD) in 10 ml 0.1 M citrate buffer pH4.5 with 5 fil H^Oj) for 15 min in the dark- 
Plates are dien read at 490/620 nm using a spectrophotometer. 

15 Results: 

Figure 1 shows diat fiom die 20 isolated colonies, which were able to growth 
on the selected medium with erythromycin, only two (the D'* and the **R*0 colonies 
were shown negative for presence of B polysaccharide. Among the others, 16 were 
clearly positive for B PS and sdll resistant to erythromycin. This indicated that they 

20 integrated die plasmid into their gmome, but in die wrong orientation, and keeping 
intact die B PS and LPS gene (no double crossing-over). Positive and negative 
controls were also tested on die plates, and showed diat die H44/76 wild type NmB 
strain was clearly positive for the B polysaccharide, while meningococcus A (Al) and 
meningococcus C (CI 1) strains were clearly negative with this anti-B PS 735 Mab. 

25 These results indicate that around 10 % of the selected colonies correcdy integrated 
the plasmid in their genome by making a double crossing-over, while the other 
strains/colonies were obtained after a simple crossing-over, keeping the B PS and LPS 
genes intact and expressed. 

Using whole cell Elisa, results (Figure 2 and the Table below) cleariy indicate 

30 diat die two **D*' and *'R" transfoimants (derived fiom D and R colonies) can not be 
recognized anymore by the anti-B PS Mabs (735 and 95/750), nor by die anti-Los 
3,7,9 and anti-Los 8 Mabs. However, when using specific anti-PorA Mabs, there is a 
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clear reaction with the anti-Pl.7 and anti-P1.16 Mabs on the cells, as also observed in 
die wild-type strain. No reaction was observed with a non-specific anti-PorA Mab 
(anti-Pl.2 mab). These results confirm that the PorA protein, and specifically PI. 7 
and PI. 16 epitopes are still present after transfoimation, while B polysaccharide and 
5 Los 3.7,9 and Los 8 epitopes (LPS) were not 

Table : Specificities of the monoclonal antibodies tested 



Mabs 
Tested 


Directed 
against 


Result 


Anti-B PS 

735 


B polysaccharide 


-H- on the wild type strain 
(-) on the "D** and K** mutants 


Anti-B PS 
95/750 torn 
NffiSC 


BPS 


-H- on the wild type strain 
(-) on the "IT and "R" mutants 


Anti-PL7 
(NTOSC) 


Loop 1 of 
Porin A 


-H- on all wild type and mutants strains 


Anti-P1.16 
(NIBSC) 


Loop 4 of 
Ponn A 


++ on all wild type and mutants strains 


Anti-Los 3,7,9 


LPS 


-H- on the wild type strain 
(-) on the "l^** and 'V mutants 


Anti-Los 8 

(NTOSC) 


LPS 


+/• on the wild type strain 
(-) on the *Vr and "K" mutants 


Anti-P1^(NIBSC) 


Anti-Pohn A 
Sero-subtype 12 


(-) on all wild type and mutants strains 



10 Example 2: Construction of versatile gene delivCTy vectors (the pCMK series) 
targeting integration in the porA locus of Neisseiria meninziiidis. 

A plasmid allowing homologous recombination and stable integration of 
foreign DNA in the porA locus of Neisseiria meningitidis was constructed. This 
15 delivery vector (genes, operons and/or expression cassettes) is useful for constructing 
Neisseiria meningitidis strains producing recombinant, inq>roved blebs. Typically, 
such a vector contains at least: (1) a plasmid backbone replicative in £. coli but not in 
Neisseria meningitidis (a suicide plasmid), (2) at least one, but preferably two regions 
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of homology for targeting the integration in a chromosomal locus such as porA, (3) 
EfiBcient transcriptional (promoter, regulatory region and tenninator) and translationa] 
(optimised ribosome binding site and initiation codon) signals functional in Neisseria 
meningitidis, (4) a multiple cloning site and (S) selectable gene(s) allowing die 

5 maintenance of the plasmid in £. coli and the selection of integrants in Neisseria 
meningitidis. Additional elements include, for example, uptake sequences to &cilitate 
the entry of foreign DNA in Neisseiria meningitidis, and counter selectable maikers 
such as sacBj rpsL, gltS to enhance the frequency of double cross-over events. 

A schematic drawing of the vector constructed in this example and designated 

10 pCMK is represented in Figure 3. Its corresponding complete nucleotide sequence is 
shown in SEQ. ID NO:L pCMK derives from a pSLllSO backbone 
(PharmaciaBiotech, Sweeden), a high copy-number plasmid replicative in E. coli, 
harbouring the bla gene (and thereby conferring resistance to ampicillin). In addition 
to this, pCMK functionally contains two porA flanking regions (porAS* and porA3* 

15 containing a transcription terminator) necessary for homologous recombination, a 
selectable marker conferring resistance to kanamycin, two uptake sequences, a 
porA/lacO chimeric promoter repressed in the £lco/i host e3q>ressing lacn but 
transcriptionally active in Neisseria meningitidis, and a multiple cloning site (S sites 
present: Ndel , Kpnl, Nhel, PinAl and SphT) necessary for the insertion of foreign 

20 DNAinpCMK. 

pCMK was constructed as follows. The porAS^ and porAZ^ recombinograic 
regions, the porAAacO promoter were PCR amplified using the oligonucleotides listed 
in the table below, cloned in pTOPO and sequenced These DNA fragments were 
successively excised from pTOPO and recloned in pSLllSO. The kanamycin 

25 resistance cassette was excised from pUC4K (PharmaciaBiotech, Sweeden) and was 
introduced between the porAS' flanking region and the porAAacO promoter regioiL 
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Table: Oliggnucleotides used in this work 



Oligonucleotides 


Sequence 


Remark(s) 


PorA5* Fwd 


S*.CCC AAC CTT GCC GTC TGA ATA CAT CTC 
GTCATTCCTCA-r 


Mtiffilll H Alii no dt* 

Uptake sequence (_) 


PorA5'Rev 


5'-CGA TGC TCG CGA CTC CAG AGA CCT CGT 

cicci fine c T 


Afrv I doling site 


PDrA3'Fwd 


5*-GGA AGA TCT GAl TAA ATA GCC GAA AAT 
ACC AUC TAU UA-J 


11 cloniDg site 
Slop codoos^) 


PorA3*Rev 


S*-GCC GAA TTC TTC AGA CCG C GC AGC AGG 

A A*F 'I*!' A TITT^ O 1* 

AAT 1 1 A TvAj J 


£colUcleniBgdt» 
Uptalw nqucBce ^) 


PoLa Rcvl 


5 - GAA TT G TTA TCC OCT CAC AAT TCC GGu 

^A A A/*A /*rv*/5 Air A<* 1» 
LvAA AI.A ^JIA.. AC'J 




PoURev2 


S'-GAA TTC CAT ATG ATC GGC TTC CTT TTG 

TA A A'f'T Tf*A XA A AAA /V*T AAA A A/^ A^^AAA 

TAA ATT TUA TAA AAA (A#T AAA AAC ATU GAA 
TTGTTATCCGCTC-3' 


M/eidoningsite 




<« A Ars Tnf* Arv% Arvs /^it /saa 
9 -AAU ClVr TUi. A(«if AiAJ lUl UWU LTI 1 uAA 

TTC-3' 


'* — >— 1 — -»Ai- 

/Tfi doning site 


PorAlacO Rev 


<• # A Afi /?/^A "WAT ^/^O ^fT* €*C^T 'PI"!' /TTA A 

9 -CiT AAu uvA TAT Irtiif CTT CCT 1 11 UTA A* 
3 


Anin CiOBIDg sue 


PPAl 


S'- GCG GCC GIT GCC GAT GTC AGC C.3' 




rrA^ 


3 -UUC ATA UCT OAT UCG TUG AAC TUC-3 




N-fiilMl: 


S'-GGG AAT TCC ATA TGA AAA AAG CAC TTG 


Mid doning dtc 




5'. GGA ATT CCA TAT GTC AGA ATT TGA CGC 
r!r»A r* !• 

UCAC-J 


Mfaidonlngsite 


PNSt 


S'> CCG CGA ATT CGG AAC CGA ACA CGC CGT 


£ooRi doning site 


PNSl 


5'- CGT CTA GAG GTA GCG GTA TCC GGC TGC -3* 


AZwi dooisg site 


itiu n\ T CIV 


5 - UGiJ CGA ATT CGC GGC CGC CGT CAA CGG 
CACACCCGTTO-r 


^^^n 1 A/-^«i - » »- 

fiioolu and Mill oonuig sites 


ProiiiDI5-S2 


S*- GCT CTA GAG CGG AAT GCG GTT TCA GAC G- 
3' 


Xba\ doninn site 


PNS4 


5'- AGC TTT ATT TAA ATC CTT AAT TAA CGC 
GTC CGG AAA ATA TGC TTA TC.34 


Sivo/ and dotting sites 


PNS5 


i'- AGC TTT GTT TAA ACC CTG TIC CGC TCC 
TTCGGCO* 


iW dotting sitt 


DIS-S4 


5*. GTC CGC ATT TAA ATC CTT AAT TAA GCA 
GCC GGA CAG GGC GTC G.3' 


Smo/ and doning sites 


015^ 


S'* AGC TTT GIT TAA AGG ATC AGG GTG TGG 
TCGGGC-3' 


Ane/ dotting site 
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Example 3: Construction of a Neisseiria meninzitidis serogroup B strain lacking both 



capsular polysaccharides and the major immunodominant antigen PorA. 



Modulating the antigenic content of outer membrane blebs may be 

5 advantageous in improving their safety and efficacy ift their use in vaccines, or 
diagnostic or therapeutic uses. Components such as the Neisseiria meningitidis 
serogroup B capsular polysaccharides should be removed to exclude the risk of 
inducing autoimmunity (see example 1). Similarly, it is .beneficial to suppress the 
immunodominance of major outer-membrane antigens such as PorA, which induce 

10 strain-specific bactericidal antibodies but fail to confer cross-protection. To illustrate 
such an approach, we used the pCMK(+) vector to construct a Neisseiria meningitidis 
serogroup B strain lacking both capsular polysaccharides and the immunodominant 
PorA outer membrane protein antigen. For this purpose, a deletion of die porA gene 
was introduced in die H44/76 cps- strain, described in example 1 by means of 

1 S homologous recombination. 

The H44/76 q)S- strain was prepared competent and transformed with two 2fig 
of siq)ercoiled pCMK(+) plasmid DNA as described previously. Aliquot fractions of 
the transformation mixture (100^1) were plated on Mueller-Hinton plates 
siq;>plemented with Kanamycin (200(ig/ml) and incubated at 37^C for 24 to 48 hours. 

20 Kanamycin-resistant colonies were selected, restreaked on MH-Kn and grown for an 
. additional 24 hours at 3TC. At that stage half of die bacterial culture was used to 
prepare glycerol stocks (IS % volAol.) and was kept fitizen at -70**C« Another 
fraction (estimated to be 10* bacteria) was resuspended in 15 ^ of distilled water, 
boiled ten minutes and used as a template for PCR screening. Two porA internal 

25 primers named , PPAl and PPA2, were synthesized and used to perform PCR 
amplification on boiled bacterial lysates in the conditions described by the supplier 
(HiFi DNA polymerase, Boehringer Mannheim, GmbH). The thermal cycling used 
was the following: 25 times (94^C Imin., ST'C Imin., 72X 3min.) and 1 time (72^C 
lOmin., 4**C up to recovery). Since a double crossing-over between pCMK DNA and 

30 the chromosomal porA locus deletes the region required for #1 and #2 annealing, 
clones lacking a 1 170bp PCR amplification fragment were selected as porA deletion 
mutants. These PCR results were forther confirmed by analyzing in parallel, die 
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presence of PorA in die corresponding bacterial protein extracts. For that puipose, 
another aliquot of bacteria (estimated to be S.IO' bacteria) was re-suspended in SO \i\ 
of PAGE-SDS buffer (SDS 5%, Glycerol 30%, Beta-mercaptoethanol 15%, 
Bromophenol blue 0.3mg/ml, Tris-HCl 250 mM pH6.8), boiled (100**C)fiozen(-20'C) 

5 / boiled (lOO^C) three times and was sqparated by PAGE-SDS electrophoresis on a 
12.5 % geL Gels were then stained by Coomassie Brilliant blue R250 or transfeired to 
a nitrocellulose membrane and probed with an anti-PorA monoclonal antibody as 
described in Maniatis et aL As represented in Figure 4, both Coomassie and 
immunoblot staining confirmed that porA PGR negative clones do not produce 

10 detectable levels of PorA. This result confirm that die pCMK vector is functional and 
can be used successfully to target DNA insertion in the porA gene, abolishing 
concomitantly the production of the PorA outer membrane protein antigen. 

15 Example 4: Up-regulation of the NspA outer membnme protein production in blebs 
derived from a recombinant Neisseiria meninsntidis serogroup B strain lacking 
functional porA and cps genes. 

Enriching bleb vesicles with protective antigens is advantageous for iixq)roving 
20 the efBciency and the coverage of outer membrane protein-based vaccines. In that 
context, recombinant Neisseria meningitidis strains lacking functional q^s and porA 
genes were engineered so that the expressions level of the outer-membrane protein 
NspA was up-regulated. For that puipose, die goie coding for NspA was PGR 
amplified using the NOl-full-AWrf and MfeI-3 'oligonucleotide primers (see table in 
25 example 2). The conditions used for PGR amplification were those described by the 
supplier (HiFi DNA polymerase, Boehringer Mannheim, GmbH). Thennal cycling 
done was the following: 25 times Imin., 52X Imin., 72*C Smin,) and 1 time 
{JT'C lOmin., Af^C up to recovery). The coiiesponding amplicon was digested witii 
Ndel and inserted in the Ndel restriction site of the pCN0C(+) delivery vector. Insert 
30 orientation was checked and recombinant plasmids, designed pCMK(+)-NspA, were 
purified at a large scale using the QIAGEN maxiprep kit and 2 |ig of this material was 
used to transform a Neisseiria meningitidis serogroup B strain lacking functional 
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genes (strain described in example 1). Integration resulting from a double crossing- 
over between Ae pCMK(+)-NspA vector and die chromosomal porA locus were 
selected using a combination of PCR and Western blot screening procedures presented 
in example 3. 

S Bacteria (corresponding to about S JO" bacteria) were re-suspended in 50 ^1 of 

PAGE-SDS buffer, fiozen(-20'*C) / boiled (lOO^C) tiuee times and then were 
separated by PAGE-SDS electrophoresis on a 12.5 % gel. Gels were then stained by 
Coomassie Brilliant blue R250 or transfened to a nitrocellulose membrane and probed 
with an anti-NspA polyclonal serum. Both Coomassie (data not shown) and 

10 unmunoblot staining (see figure 4) confirmed that porA PCR negative clones do not 
produce detectable levels of PorA. The expression of NspA was examined in Whole- 
cell bacterial lysates (WCBL) or outer-membrane bleb preparations derived fit>m 
NmB [c/v-, porA-] or NmB [cps-, porA-, Nspa-^]. Although no difference was 
observable by Coomassie staining, inmiunoblotting with the anti-NspA polyclonal 

15 serum detected a 3-5 fold iricreased in the expression of NspA (with respect to die 
endogenous NspA level), both in WCBL and outer-membrane bleb preparadons (see 
figure S). This result confirm dial die pCMK(+)-NspA vector is fimcdonal and can be 
used successfiilly to up-regulate die expression of outer membrane proteins such as 
NspA, abolishing concomitantly the production of die PorA outer membrane protein 

20 antigen. 



Example 5: Up-regularion of the D15/C)mp85 outer membrane protein antigen in 
blebs derived from a recombinant Neisseiria meningitidis serogroup B strain lacking 
fimctional cps genes but expressing PorA. 

25 

Certain geographically isolated human populations (such as Cuba) are infected 
by a limited number of Neisseiria meningitidis isolates belonging largely to one or 
few outer membrane protein serotypes. Since PorA is a major outer-membrane protein 
antigen inducing protective and strain-specific bactericidal antibodies, it is then 
30 possible to confer vaccine protection using a limited number of porA serotypes in a 
vaccine. In such a cont^t, the presmce of PorA in outer membrane vesicles may be 
advantageous, strengdiening die vaccine efficacy of such recombinant improved 

50 
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blebs. Such PorA containing vaccines, however, can be improved still further by 
increasing the level of other cross-reactive OMPs such as omp8S/DlS. 

In the foUowmg example, the pCMK(+) vector was used to up-regulate the 
expression of the Omp8S/DlS outer membrane protein antigen in a strain lacking 
S functional cps genes but expressing porA. For that purpose, tiie gene coding for 
Omp85/D15 was PCR amplified using the D15-A«cl and DlS-Afort oligonucleotide 
primers. The conditions used for PCR amplification were those described by the 
supplier (HiFi DNA polymerase, Boehringer Mannheiin, GmbH). Thermal cycling 
done was the following: 25 times (94**C Imin,, 52**C Imin., TTC Smin.) and I time 

10 (72**C lOmin., 4®C up to recovery). The corresponding amplicon was inserted in the 
pTOPO cloning vector according to the manufacturer's specifications and 
confirmatory sequencing was performed. This Onq)85/D15 DNA fragment was 
excised from pTOPO by restriction hydrolysis using NdeVNsil and subsequentiy 
cloned in the corresponding restriction sites of the pCMK(+) delivery vector 

15 Recombinant plasmids, designed pCMK(+)-DlS were purified on a large scale using 
the QIAGEN maxiprep kit and 2 )ig of this material was used to transform a 
Neisseiria meningitidis serogroup B strain lacking functional g» genes (strain 
described in example 1). In order to preserve the expression of porA^ integration 
resulting from a single crossing-over (either in Omp8S/DlS or in porA) were selected 

io by a combination of PCR and Western blot screening procedures. Kanamycin resistant 
clones testing positive by porA-speci&c PCR and westem blot were stored at as 
glycerol stocks and used for fuithar studies. 

Bacteria (corresponding to about 5.10* bacteria) were re-suspended in 50 ^ll of 
PAGE-SDS buffer, frozen(.20X) / boUed (100**C) three times and then were 

25 separated by PAGE-SDS electrophoresis on a 12.5 % gel. Gels were dien stained by 
Coomassie Brilliant blue R250 or transferred to a nitrocellulose membrane and probed 
with an anti-porA monoclonal antibody. As represrated in Figure 6, both Coomassie 
and immunoblot staining confirmed that porA PCR positive clones produce PorA. 

The expression of D15 was examined using oiiter-membrane bleb preparations 

30 derived from NmB [cps-, porA-] or NmB [cps-, porA+, D15+]. Coomassie detected a 
significant increase in the expression of DIS (widi respect to the endogenous DIS 
level), preparations (see Figure fi). This result confirmed that the pCMK(+>D15 
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veaor is functioiial and can be used successfully to iq>regulate the expression of outer 
membrane proteins such as D15, without abolishing the production of the major PorA 
outer membrane protein antigen. 

5 Example 6: Construction of versatile promoter delivery vectors 

Rational: T he rational of this approach is represented in Figure 7 and can be 
sximmarized in 7 essential steps. Some of these steps are illustrated below with Ae 
construction of Vector for up-regulating flie e;q>ression of NspA and DlS/0mp8S. 

10 

Vector for up-regulating the expression of the NspA gene. 

Step 1. A DNA region (997bp) located upstream from the NspA coding gene was 
discovered (SEQ. ID N0:2) in the private Incyte PathoSeq data base containing 
unfinished genomic DNA sequences of ±e Neisseria meningitidis strain ATCC 

.15 13090. Two oligonucleotide primers referred to as FNSl and PNS2 (see table in 
exan^le 2) were designed using fliis sequence and synthesized These primers were 
used for PGR amplification using genomic DNA extracted firom die H44/76 strain. 
Step 2. The corresponding anq>licons were cleaned-up using the Wizard PGR kit 
(Promega, USA) and submitted to digestion with the EcoRJ/Xbal restriction enzymes 

20 for 24 hours using die conditions described by the supplier (Boehringer Mannheim, 
Germany). The corresponding DNA firagments were gel purified and inserted in the 
corresponding sites of die pUC18 cloning vector. Step 3. Recombinant plasmids were 
prepared on a large scale and an aliquot firaction was used as a template for inverse 
PCR amplification. Inverse PGR was performed using the PNS4 and PNS5 

25 oligonucleotides using the following thermal cycling conditions: 25 times (94**C 
Imin., 50*^0 Imin., 72*C 3min.) and 1 time (72*^0 lOmin., 4*^0 up to recovery). 
Linearized pUC 18 vectors haifoouring a deletion in the NspA upstream region insert 
were obtained. 

30 Vector for up-regulating the expression of the DlS/omp8S gene. 

Step L A DNA region (1000 bp) located upstream fiom the D15/omp8S coding gene 
was discovered (SEQ. ID N0:3) in the private Incyte PathoSeq database containing 

01 
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unfinished genomic DNA sequences of die Neisseria meningitidis strain ATCC 
13090. Two oligonucleotide primers refererred to as ProniD15-51X and ProniDI5-S2 
(see table in example 2) were designed using this sequence and synthesized. These 
primers were used for PCR amplification using genomic DNA extracted from the 
5 H44/76 strain. Step 2. The corresponding amplicons were cleaned*iq> using the 
Wizard PCR kit (Promega. USA) and submitted to digestion with the EcoBI/Xbal 
restriction enzymes for 24 hours in the conditions described by the supplier 
(Boehringer Mannheim, Germany). The corresponding DNA fragments were gel 
purified and inserted in the corresponding sites of die pUClS cloning vector. Step 3. 

10 Recombinant plasmids were prepared on a large scale and an aliquot fraction was used 
as a template for inverse PCR amplification. Inverse PCR was p^ormed using the 
D 15*84 and D1S-S5 oligonucleotides using the following thermal cycling conditions: 
25 times (94**C Imin., 50X Imin., 72^C Smin.) and 1 time (72**C lOmin,, 4*'C up to 
recovery). Linearized pUC 18 vectors harbouring a deletion in die DlS/omp85 

15 upstream region insert were obtained. 

Example 7; Fermentation processes for producing recombinant blebs . 

The examples listed below describe mediods for producing recombinant blebs lacking 
20 eidio' capsular polysaccharides or cq)sular polysaccharides and PorA. Such a 
procedure may be used fi>r a wide range of Neisseiria meningitidis recombinant 
strains and may be adq)ted over an extended scale range. 

Culture me^Bz Neisseiria meningitidis serogjansp B strains were propagated in solid 
25 (FNE 004 AA, FNE 010 AA) or liquid (FNE 008 AA) culture media. These new 
media for growing meningococcus are advantageiously free of animal products, and 
are considoed a fiirther aspect of the invention. 
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Components 


TOE 004 AA 


FNE 008 AA 


FL^Ef WAV 


Agar 


18g/L 




IS a/T 


T5aCi 


6gfL 


6g/L 


V gfl. 


Na-Glutamate 




I 52 e/L 




NaH>P04.2HjO 


22g/L 

or 


2^ fi/L 


4.Z gfl* 


fCCl 


0.09 g/L 


0 09 ff/L 


n AO n/T 


NH,C1 


1.25 g/L 




1.0 g/I^ 


Glucose 


5g/L 


20 g/L 


5g/L 


Yeast Extract UF 




2.5 g/L 




Soy Pepton 


5g^ 


30 g/L 


5g/L 




0.015 g/L 




.0.01Sg/L 


MgS04.7H30 


0.6 gO. 


0.6 g/L 


0.6 g/L 


Erythromycine: 


0.015 gfL 






Kanamycine 






0.2 g/L 



Flask cultiv ation of Nasseiria meningitidis serogroup B cps- recombinant blebs : This 
5 was perfonned in two stqra conqnising preculture on solid medium followed by 
liquid cultivation. Solid pre-cnlture A vial of seed was removed from freezer (- 
80»C), diawed to lown temperature and 0.1 mL was streaked into a Petri dish 
containing 15 mL of FNE004AA (see above).Tbe Petri dish was incubated at 3TC for 
18 ± 2 hours. The sur&ce growth was resuqiended in 8 mL of FNE008AA (see 
10 above) sq>planented witii 15 mg/L of eiydiromycin. Flask culture. 2 mL of 
resuspended solid pre<ulture were added to a 2 litre flask containing 400 mL of 
FNE008AA supplemented widi 15 mg/L of erytiiromycin. The flask was placed on a 
shaking table (200 rpm) and incubated at 3TC for 16 ± 2 hours. The cells were 
separated from the culture broth by centrifogation at 5000g at 4'C for 15 minutes. 

15 

Batch mode cultiva tion of Neisseiria meningitidis serogroup B cos- recombinant 
bl^: This was perfonned in tfiree steps comprising preculture on solid medium, 
liquid cultivation and batch mode cultivation. SoUd pre-culture._A vial of seed was 
removed from freezer (-80»C), diawed to room tnnperature and 0.1 mL was streaked 
20 into a Petri dish containing 15 mL of FNE004AA (see above). The Petri dish was 
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10 



incubated at 37'>C for 18 ± 2 hours. The surfece growth was resuspended in 8 mL of 
FNE008AA (see above) supplemented with 15 mg/L of eiythromycin. Uquid pre* 
caltnre._2 mL of resuspended solid pre-culture were added to one 2 liters flask 
containing 400 mL of FNE008AA supplemented with 15 mg/L of erythromycin. The 
flask was placed on a shaking table (200 ipm) and incubated at 37»C for 16 ± 2 hours. 
The content of the flask was used to inoculate the 20 liters fermenter. Batch mode 
culture in fermenter. The inoculum (400 mL) was added to a pre-sterilized 20 liters 
(total volume) fermenter containing 10 L of FNE008AA supplemented with 15 mg/L 
of erythromycin. The pH was adjusted to and maintained at 7.0 by the automated 
addition of NaOH (25% w/v) and H3PO4 (25% v/v). The temperature was regulated 
at 3T'C. The aeration rate was maintained at 20 L of air / min and the dissolved 
oxygen concentration was maintained at 20% of saturation by the agitation speed 
control. The overpressure in the fermenter was maintained at 300 g/cml After 9 ± I 
hours, the culture was in stationary phase. The cells were separated from the culture 
15 broA by centriiugation at 5000g at 4"C far 15 minutes. 

Flask cultivation of Ndsseiria meni ngitidis seroqoup B czw-. Po rA- recnmhinant 
bl^: This was performed in two steps comprising preculture on solid medium 
foUowed by liquid cultivation._SoUd pre-culture. A vial of seed was removed from 

20 freezer (-80«X:), thawed to room temperature and 0.1 mL was streaked into a Petri dish 
containing 15 mL of FNEOIOAA (see above). Hie Petri dish was incubated at 37»C 
for 18 ± 2 hours. The sur&ce growth was resuspended in 8 mL of FNE008AA (see 
above) supplemented with 200 mg/L of kanamycin. Flask culture. 2 mL of 
resuspended solid pre-culture were added to a 2 litre flask containing 400 mL of 

25 FNE008AA supplemented with 200 mg/L of kanamycin. The flask was placed on a 
shaking table (200 rpm) and incubated at 37''C for 16 ± 2 hours. The cells were 
separated from the culture broth by centrifugation at 5000g at 4»C for 15 minutes. 
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Example 8; Isol ation and purification of blebs from meningococci devoid of capsular 
polysaccharide 

S Recombinant blebs were purified as described below. The cell paste (42gr) was 
suspended in 21 1 ml of O.IM Tris-Cl buffer pH 8.6 containing 10 mM EDTA and 
0.5% Sodium Deoxycholate (DOC). The ratio of buflfcr to biomass was 5/1 (V/W). 
The biomass was extracted by magnetic stirring for 30 minutes at room temperature. 
Total extract was then centrifiiged at 20,000g for 30 minutes at 4*^0 (13,000 rpm in a 

10 JA-20 rotor, Beckman J2-HS centrifuge). The pellet was discarded The supernatant 
was ultracentrifixged at 125,000g for 2 hours at 4**C (40,000 ipm in a 50.2Ti rotor. 
Beckman L8-70M ultracentrifiige) in order to concentrate vesicles. The supernatant 
was discarded. The pellet was gently suspended in 25 ml of 50 mM Tris-Cl buffer pH 
8.6 containing 2 mM EDTA, 1.2% DOC and 20% sucrose. After a second 

15 ultracentrifugation step at 125,000g for 2 hours at 4*C, vesicles were gently 
suspended in 44 ml of 3% sucrose and stored at 4°C. All solutions used for bleb 
extraction and purification contained 0.01% thiomersalate. As illustrated in Figure 8, 
this procedure yields protein preparations highly enriched in outer-membrane proteins 
such as PorA and PorB. 

20 

Example 9; Identification of bacterial promoters suitable for up-regularion antigens- 
coding genes 

The use of strong bacterial promoter elements is essential to obtain up- 
regulation of genes coding for outer membrane proteins. In Aat context, we have 

25 shown previously that up-regulating the Neisseria meningitidis nspA^ hsf, and offip85 
genes using the porA promoter has allowed us to isolate recombinant bld>s enriched 
in the corresponding NspA, Hsf and Onq>85 proteins. Alternative to the porA 
promoter may be useful to obtain different levels of up-regulation, to overcome 
potential porA phase variation and/or to achieve conditional gene expression (iron- 

30 regulated promoters). Here we describe a method allowing the identification of a 
precise transcriptional start site of strong promoter elements likely to confer high level 
of expression in bacteria. Since promoter regulatory elements are classically 

54 
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encompassed witfiin 200 bp upstream and 50bp dowtream fix>m the +1 site (Collado- 
Vides J, Magasanik B, Gralla JD, 1991, Microbiol Rev 55(3):371-94), the result of 
such an experiment allows us to identify DNA fragments of about 250 bp carrying 
strong promoter activities. Major outer membrane proteins such as Neisseria 
S meningitidis PorA, PorB & Rmp, Haemophilus influenzae PI, P2, P5 & P6, 
Moraxella catarrhalis OmpCD, OmpE, as well as some cyoplasraic and/or iron 
regulated proteins of these bacteria possess strong promoter elements. As a validation 
of this general methodology, we mapped the transcriptional start site of die strong 
Neisseria meningitidis porA and porB promoters using rapid amplification of cDNA 
10 elements (5* RACE). 

The principles of 5' RACE are the following: 1) Total RNA extraction using 
QIAGEN "RNeasy" Kit Genomic DNA removing by DNase treatment followed by 
QIAGEN purification; 2) mRNA reverse transcription widi a porA specific 3' end 
primer (named porA3). Expected cDNA size: 307 nt RNA removing by alkaline 

15 hydrolysis; 3) Ligation of a single-stranded DNA oligo anchor (named DT88) to the 3* 
end of the cDNA using T4 RNA ligase. Expected product size: 335 nt Amplification 
of the anchor-ligated cDNA using a combination of hemi-nested PCR; 4) PCR 
amplification of the anchor-ligated cDNA using a complementary-sequence anchor 
primer as Ac 5' end primer (named DT89) and a 3*end primer (named pl-2) which is 

20 internal to the 3'end RT primer porA3. Expected product size: 292 bp; 5) PCR 
amplification of previous PCR products using DT89 as 5*end primer and pl-l as 3'end 
primer (internal to pl-2). Expected product size: 21 Ibp; and 6) Sequencing widi pl-l 
primer (expected products size can be calculated because porA transcription start site 
is known: 59 nt before die "ATG" translation start site). 

25 

Experimental procedure 

Total RNA was extracted from approximately 109 cells ofHeisseria meningitidis 
serogroup B cps- porA-^ strain. Extraction of 1 ml of a liquid culture at appropriate optical 
density (ODgQo = 1) was pcffomied by the QIAGEN "RNAcasy" kit according to the 
30 manu&cnirer's instnictions. Chromosomal DNA was removed by addition of lOU of RNase- 
free DNase (Roche Diagnostics, Mannheim, Gemiany) to the 30 ^1 of eluted RNA and was 
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incubated at 37°C for 15 min. The DNA-firee RNA was purified witii the same QIAGEN kit 
according to instructions. 

Reverse transcription reactions were performed using primer porA3 and 200U of 
Superscript n reverse transcriptase (Life Technologies). The RT reactions were performed in 
5 a 50)xl volume containing: 5\i\ of 2mM dNTP, 20 pmol of porA3 pimer, 5fil of lOX 
Superscript n buffer. 9^1 of 25niM MgC12, 4^1 of O.IM DTT. 40U of recombinant 
ribonuclease inhibitor and 1 fig of total RNA. The porA3 primer was annealed stepwise 
(70X for 2 min, 65*C for 1 min, 60*C for 1 min, 55"C for 1 min, 50**C for 1 min, and 45*X: 
for 1 min) before the Superscript II was added The RT reaction was performed at 42*'C for 

10 30 min, followed by 5 cycles (50**C for 1 min. 53*^0 for 1 min and 56"C for 1 min) to 
destabilize RNA secradary structure. Two parallel reactims were perfmned with the reverse 
transcriptase omitted from one reaction as negative control. 

The RNA was removed by alkaline hydrolysis cleavage with the addition of 1 |il of 
O.SM EDTA followed by 12.S ^1 of 0.2 M NaOH before incubation at eS^'C for S min. The 

15 reactions were neutralized by adding 12.5 }il of 1 M Tris-HCl (pH7.4) and precipitated by die 
addition of 20 |ig of glycogen (Roche Molecular Biocheinicals, Mannheim, Germany), 5 ^l 
of 3 M sodium acetate and 60 ^1 of isopropanol. Both samples were resuspended in 20 fil of 
10:1 TE (10 mM Tris-HCl, pH 7.4; 1 mM EDTA, pH8). 

T4 RNA ligase was used to anchor a 5 -phosphorylated, 3*end ddCTP-blocked anchor 

20 oligonucleotide DT88 (see table below). Two parallel ligations were performed overnight at 
room temperature with each coiitaining: 1.3 jil of lOX RNA ligase buffer (Roche Moleoilar 
Biochemicals), 0.4 jiM DT88, 10 ^l of either cDNA or RT control sample and 3 U of T4 
RNA ligase. As negative controls, a second set of ligations reactions was performed, omitting 
the T4 RNA ligase. The resulting ligation-reaction mixtures were used dirccdy without 

25 purification in the subsequent PCR. 

The anchor-ligated cDNA was amplified using a combination of hemi-nested and 
hot-started PCR approaches to mcrease specificity and product yield. Four separate first- 
round PCR were performed on the RT/ligase reaction and controk in a 30 fil volume, each 
containing: 3 of lOX Taq Platinium buffer, 3fil of 25 mM Mga2, 1 ^1 of lOmM dNTP, 10 

30 pmol of each primers and 1 ^il of corresponding RNA ligation reaction. The PCR were hot 
started by the use of Taq Platinium (Life Technologies) DNA polymerase (2U added). The 
first ligation-anchorcd PCR (LA-PCR) was performed using 10 pmol of both the anchor- 
specific primer DT89 and the transcript-specific primer pi -2 (see table below) which is 
internal to the 3' end RT primer porA3. The PCR was performed using an initial 95**C for a 5 

35 min step (for DNA polymerase activation) followed by 10 cycles at SS^'C for 10 s and 70**C 

5? 
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for 1 min (reducing one degree per cycle), 15 cycles at 95®C for 10 s and 60°C for 1 min. The 
second hemi-nested LA-PCR was performed under the same conditions using primer DT89 
and the pl-2 internal primer, together with 10 pmol of p 1-1 (see table below) and 1 ^1 of first- 
round PGR. Amplification products were purified using the QIAGEN "QIAquick PGR 
5 purification" kit according to manufacturer instructions before submitted to sequencing. 

The CEQTM Qye Terminator Cycle Sequencing kit (Beckman, France) was used to 
sequence the RACE PCR products using 10 pmol of primer pl-1. Sequencing reactions were 
perfonned according to the provided instructions and sequencing products were analyzed by 
the Ceq2000 DNA Analysis System (Beckman-Coulter). 



DT88 


5' GAAGAGAAGOTGGAAATGGCGTTTTGGC 3' 


DT89 


5' CCAAAACGCCATTTCCACCTTCTCnrC 3' 


porA3 


5' CCAAATCCTCGCTCCCCTTAAAGCC 3' 


pl.2 


5' CGCTGATnTCGTCCTGATGCGGC 3* 


pl-1 


5* GGTCAATTGCGCCTGGATGTKXrrG 3" 



Results for the Neisseria meningitidis porA promoter 



The start of transcription for Neisseria meningitidis serogzoup B (strain H44/76) 
15 porA-miRSA was mapped 59 bp upstream of die ATG start codon using the described 5'- 
RACE procedure. This result confirms the miq>ping perfomied by primer extension and 
published by van der Ende et al (1995). This result supports that a DNA fragment containing 
nucleotides -9 to -259 with regard to the porA ATG is suitable for driving strong gene 
expression in Neisseria meningitidis and possibly in other bacterial species such as 
20 Haemophilus^ Moraxella^ Pseudomonas. 

Results for the Neisseria meningitidis porB promoter 

The same experimental strategy has been applied for Neisseria meningitidis 
serogroup B (strain H44/76) porB transcription start site mapping. Primers listed in the table 
25 below correspond to 3' end RT primer (porB3), transcript-specific primer that is internal to 
the porB3 (porB2) and internal to the porB2 (porBl). porB3, porB2 and porBl are 
respectively located 265 bp, 195 bp and 150 bp downstream Ae ATG start codon. 



porBl 


5' GGTAGCGGTrGTAACTTCAGTAACTT 3* 


porB2 


5' GTCTTCTTGGCCTTTGAAGCCGATT 3* 


porB3 


5' GGAGTCAGTACCGGCGATAGATGCT 3' 



30 Using porBl and DT89 primers a '-'200 bp PGR amplicon was obtained by 

performing 5* - RAGE mapping. Since porBl is located 150 bp from the porB ATG start 
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codon, this result supports that the porB transcriptional start site is located about 50 bp (+/- 30 
bp) upstream of the porB ATG. 

The exact nucleotide corresponding to transcription initiation is presently being 
dctcnmined by DNA sequencing. The above PCR result supports that a DNA fragment 
5 containing nucleotides -I to -250 with regard to the porB ATG start codon is suitable for 
driving strong gene expression in Neisseria meningitidis and possibly in other bacterial 
species such as Haemophilus, Moraxelia, Pseudomonas, 

Example 10; Up-regulation of the M meninzitidis serogroup B Omp85 gene by 

10 promoter replacement 

The aim of Ae experiment was to replace the endogenous promoter region of 
the D15/Omp8S gene by the strong porA promoter in order to up-regulate the 
production of die DlS/OmpSS antigen. For that purpose, a promoter replacement 
plasmid was constructed using E. coli cloning methodologies. A DNA region (1000 

15 bp) located upstream from the DI5/omp85 coding gene was discovered (SEQ ID 
N0:3) in die private Incyte PathoSeq data base containing unfinished genomic DNA 
sequences of the Neisseria meningitidis strain ATCC 13090. The main steps of this 
procedure are represented in Figure 9. Briefly, a DNA fragment (lOOObp) covering 
nucleotides -48 to -983 with respect to the D15/Omp85 gene start codon (ATG) was 

20 PCR amplified using oligonucleotides ProD15-SlX (5'-GGG CGAATTCGC GGC 
CGC CGT CAA COG CAC ACC GTT G-Y) and ProDlS-Sl (5^>G CT CTA GAG 
CGG AAT GGG GTT TCA GAC G-3') containing £coRI and Xbal restriction sites 
(underlined) respectively. This fragment was submitted to restriction and inserted in 
pUClS plasmid restricted with the same enzymes. The construct obtained was 

25 submitted to in vitro mutagenesis using die Genome Priming system (using die 
pGPS2 donor plasmid) commercialized by New England Biolabs (MA, USA). Clones 
having inserted a mini-transposon (derived from Tn7 and harboring a 
chloramphenicol resistance gene) were selected. One clone containing a mini- 
transposon insertion located in the D15/Omp85 5' flanking region, 401 bp 

30 downstream from the EcoRl site was isolated and used for fiirtiier studies. This 
plasmid was submitted to circle ?CR mutagenesis (Jones & Winistofer (1992), 
Biotechniquesl2: 528-534) in order to (i) delete a repeated DNA sequence (TnTR) 
generated by the transposition process, (ii) insert meningococcal uptake sequences 
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required for tiansfonnation, and (iii) insert suitable restriction sites allowing cloning 
of foreign DNA material such as promoters. The circle PCR was performed using the 
TnRDlS-Kpnl/Xbal + US (S^-CGC CGG TAC CTC TAG A GC CGT CTG AAC 
CAC TCG TGG ACA ACC G-3*) & TnR03Cam(KpnI) (5'-CGC CGG TAC CG C 

5 CGC TAA CTA TAA CGG TC-3') oligonucleotides containing uptake sequences and 
suitable restriction sites (j^nl and Xbal) underlined. The resulting PCR fragment was 
gel-puriiied, digested with AspllS (isoschizomer of i^nl) and ligated to a 184bp 
DNA fragment containing the porA promoter and generated by PCR using the 
PorA-01 (5'-CGC CGG TAC CG A GGT CTG CGC TTG AAT TGT G-3*) and 

10 PorAOl (5'.CGC CGG TAC CT C TAG ACA TCG GGC AAA CAC CCG-B') 
oligonucleotides containing Kpnl restriction sites. Recombinant clones carrying a 
porA promoter inserted in the correct orientation (transcription proceeding in the 
EcoRl to JCbal direction) were selected and used to transform a strain of Neisseria 
meningitidis serogroup B lacking capsular polysaccharide i<y>S') and one of the major 

15 outer membrane proteins - PorA (poM*). Recombinant Neisseria meningitidis clones 
resulting from a double crossing over event (PCR screening using oligonucleotides 
Cam-05 (5'-GTA CTG CGA TGA GTG GCA GG-S') & proD15-52) were selected 
on GC medium contaiiung S)ig/ml chloramphenicol and analyzed for DlS/0mp8S 
expressioiL As represented in Figure 10, the production of DlS/0mp8S was 

20 significantly increased in the total protein extracts of Nm strains resulting from 
promoter replacement, when compared to parental strain (q^-). This result was also 
observed when analyzing outer*membrane blebs prepared from the same strains (see 
Figure 17). These results are attributable to die replacement of the endogenous D15 
promoter by the strong porA promoter. In addition, it was surprisingly found that 

25 expression, where the porA promoter was introduced approximately 400 bp i^stream 
of the initiator codon, was approximately 50 times greater than when the promoter 
was placed approximately 100 bp upstream. Altogether, these experiments support 
that the promoter replacement strategy works and allows the up-regulation of the 
synthesis of integral outer-membrane proteins in outer-membrane blebs. 

30 

Certain geogr^hically isolated human populations (such as Cuba) are infected 
by a limited number of Neisseiria meningitidis isolates belonging largely to one or 

61 
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few outer membrane protein serotypes. Since PorA is a major outer-membrane protein 
antigen which can induce protective and strain-specific bactericidal antibodies, it may 
be possible to confer vaccine protection in such a population using a limited number 
of porA serotypes. Moreover, PorA may interact with or stabilize some other outer 
S membrane proteins. In this context, the presence of PorA in outer membrane vesicles 
may be advantageous, strengthening die vaccine efiBcacy of such recombinant 
improved blebs. 

For such a reason, it may be desirable to up-regulate the expression of 
DlS/0mp8S outer membrane protein in a Neisseria meningitidis serogroup B strain 

10 lacking functional q)s genes but expressing PorA. Genomic DNA was extracted from 
the recombinant Neisseria meningitidis serogroup B ^j-, porA-, D15/Omp85+ strain 
using the QIAGEN Genomic Tips 100-G kit lOfigr of this material was linearized 
and used to transform Neisseria meningitidis serogroup B qps* following a classical 
transformation protocol. Recombinant Neisseria were obtained on GC agar plates 

15 containing S)igr/ml chloramphenicol. 

Integrations resulting from a double crossing-over iq>stream of the DI5 gene 
were screened by PCR as described previously. As homologous recombinations can 
occur everywhere in the chromosome, a second PCR screening was performed to 
control the integrity of die porA locus in the recombinant strain. For this purpose, 

20 internal pori4 primers PPAl (5- GCG GCC GTT GCC GAT GTC AGC C -3') and 
PpA2 ( 5- GGC ATA OCT GAT GCG TGG AAC TGC -3' ) were used in a PCR 
screening experiment The anq>lification of an 1 170bp fragment confirms the presence 
of thepoM gene in the recombinant bacteria. 

Recombinant bacteria (corresponding to about S.IO^ bacteria) can be re- 

25 suspended in 50 ^l of PAGE-SDS buffer, fiozen(-20X) / boiled (lOOX) three times 
and then separated by PAGE-SDS electrophoresis on a 12.5 % gel. Gels can tiicn be 
stained by Coomassie Brilliant blue R250 or transferred to a nitrocellulose membrane 
and probed eitfier with an anti-porA monoclonal antibody or with an anti-D15/Omp85 
rabbit polyclonal antibody. Analysis of outer-membrane blebs prepared fix>m the same 

30 strains can also be performed. 
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Example 11: Up*regulation of the Hsf protein antigen in a recombinant Neisseiria 
meningitidis serogroup B strain lacking functional cps genes but expressing PorA. 

As described above, in certain countries, the presence of PorA in outer 
membrane vesicles may be advantageous, and can strengthen the vaccine efficacy of 
5 recombinant improved blebs. In the following example, we have used a modified 
pCMK(+) vector to up-regulate the expression of the Hsf protein antigen in a strain 
lacking fimctional cps genes but expressing PorA. The original pCMK(+) vector 
contains a chimeric porAAacO promoter repressed in £. coli host expressing lacPl but 
transcriptionally active in Neisseria meningitidis. In the modified pCMK(+), the 

10 native porA promoter was used to drive the transcription of the hsf gtnt. The gene 
coding for Hsf was PGR amplified using the HSF OUNdel and HSF Q2-Nhel 
oligonucleotide primers, presented in the table below. Because of the sequence of the 
HSF 01-MfeI primer the Hsf protein expressed will contain two methionine residues 
at the S' end. The conditions used for PGR amplification were those described by tfie 

IS supplier (HiFi DNA polym^ase, Boehring^ Mannheim, GmbH). Thermal cycling 
was the following: 25 times (94'*G Imin., 48"G Imin., 72X 3min.) and 1 time (72X 
IQmin., 4°C up to recovery). The corresponding amplicon was subsequendy cloned in 
Ae corresponding restriction sites of pGMK(+) delivery vector. In this recombinant 
plasmid, designed pCMK(4-).Hsf, we deleted die /acO present in die chimeric 

20 porA/lacO promoter by a recombmant PGR strategy (See Figure 12). The pGMK(+> 
Hsf plasnud was used as a template to PGR amplify 2 separate DNA fragments: 

-fragment 1 contains the porA 5* recombinogenic region, the Kanamycin 
resistance gene and the porA promoter. Oligonucleotide primers used, RPl(&cII) and 
RP2, are presented in the table below. RPl primer is homologous to the sequence just 

25 upstream of the lac operator. 

- fragment 2 contains the Shine-Dalgamo sequence from the porA gene, die hsf 
gene and the porA 3 ' recombinogenic region. Oligonucleotide primers used, RP3 and 
RP4(i4paI), are presented in the table below. RP3 primer is homologous to die 
sequence just downstream of the lac operator. The 3* end of fragment 1 and die S*end 

30 of fragment 2 have 48 bases overl^ping. 500ng of each PGR (1 and 2) were used for 
a final PGR reaction using primers RPl and RP4. The final amplicon obtained was 
subcloned in pSLl 180 vector restricted widi SacU and Apal The modified plasmid 
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pCMK(+)-Hsf was purified at a large scale using the QIAGEN maxiprep kit and 2 fig 
of this material was used to transform a Neisseiria meningitidis serogroup B strain 

5 lacking functional cps genes (the strain described in example 1). In order to preserve 
the expression of porA, integration resulting from a single crossing-over was selected 
by a combination of PCR and Western blot screening procedures. Kanamycin resistant 
clones testing positive by por^^-specific PCR and western blot were stored at -70**C as 
glycerol stocks and used for further studies. Bacteria (corresponding to about 5.10' 

10 bacteria) were re-suspended in 50 fil of PAGE-SDS buffer, frozen (-20''C) / boiled 
(100**C) three times and then were separated by PAGE-SDS electrophoresis on a 12.5 
% gel. The e?q)ression of Hsf was examined in Whole-cell bacterial lysates (WCBL) 
derived from NmB [Cps-, PorA+] or NmB [Cps-, PorA+, Hsff ]. Coomassie staining 
detected a significant increase in the e9q)ression of Hsf (wi& respect to die 

15 endogenous Hsf level) (See in Figure 13), This result confirms that the modified 
pCMK(+)-Hsf vector is functional and can be used successfully to up-regulate die 
expression of outer membrane proteins, without abolishing the production of die 
major PorA outer membrane protein antigen. 

20 Oligonucleotides used in this work 



Oligonucleotides 


Sequence 


Remark(s) 


HsfOl-Nde 


5'. GGA ATI CCA TAT GAT GAA CAA 
AATATACCGC-3* 


Ndel cloning site 


Hsf02-Nhe 


5'-GTA GCT AGC TAG CTT ACC ACT 
GATAACCGAC-3* 


Nhe I cloning site 


GFP-mut-Asn 


S'-AAC TGC AGA ATT AAT ATG AAA 

GGA GAA GAA CTT TTC-3' 


Asnl cloning site 

Coix^utible with MM 


GFP-Spc 


5*-GAC ATA CTA GTT TAT TTG TAG 
AGCTCATCCATG.3' 


S^l cloning site 
Compatibie with ^el 


RPl(SacII) 


5'. TCC CCG CGG GCC GTC TGA ATA 
CATCCCGTC-3' 


&icll cloning site 


RP2 


5'^AT ATG GGC TTC CIT TTG TAA 
ATT TGA GGG CAA ACA CCC GAT ACG 
TCTTCA-3' 





(If 
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RP3 


5'-AGA CGT ATC GGG TGT TTG CCC 
TCA AATTTA CAA AAG GAA GCC CAT 
ATG-3* 




RP4(ApaI) 


S'-GGG TAT TCC GGG CCC TTC AGA 
CGGCGCAGCAGG-3' 


Apal cloning site 



Example 12: Expression of the Green Fluorescent Protein in a recombinant Neisseria 
meningitidis serogroup B strain lacking functional cps genes but expressing PorA. 

5 In the following example, the pCMK vector was used to test the expression of 

a cytoplasmic heterologous protein in Neisseria meningitidis. The Green Fluorescent 
Protein was amplified from the pKen-Gfpmut2 plasmid with the primers GFP-Asn* 
mut2 and GFP-Spe (see table in Example 1 1). Asnl gives cohesive ends compatible 
with Ndel , Spel gives cohesive ends compatible with ^el. The conditions used for 

10 PGR amplification were diose described by the supplier (HiFi DNA polymmse, 
Boehringer Mannheim, GmbH). Thermal cycling was the following: 25 times (94^0 
Imin.. 48'*C Imin., 72^*0 3min.) and 1 time (72'*C lOmin,, 4'*C up to recovery).The 
corresponding amplicon was subsequently cloned in the pCMK(+) delivery vector 
digested with Ndel and Nhel restriction enzymes. In this recombinant plasmid» 

IS designed pCMK(+)-GFP, we deleted Ae lacO present in the chimeric porA/IacO 
promoter by a recombinant PGR strategy. The pCMK(+><jFP plasmid was used as 
template to PGR amplify 2 separate DNA fragments: 

-firagment 1 contained the porA 5* recombinogenic region, the Kanamycin 
resistance gene and the porA promoter. Oligonucleotide primers used, RPl(5acII) and 

20 RP2 (see table in example 11). RPl primer is homologous to the sequence just 
upstream of the lac operator. 

-fragment 2 contains the PorA Shine-Dalgamo sequence, the gfi? gene and the 
porA 3' recombinogenic region. Oligonucleotide primers used, RP3 and RP4(y(/KiI), 
are presented in ike table in exanq)le 1 1. RP3 primer is homologous to the sequence 

25 just downstream of the lac operator. 

The 3'end of firagment 1 and the S'end of firagment 2 have 48 bases 
overl^ping. SOOng of each PGR (1 and 2) were used for a final PGR reaction using 
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primers RPl and RP4. Twenty fig of this PGR fiagment were used to transfoim a 
Neisseiria meningitidis serogroup B strain lacking functional qfs genes. 

Tiansfonnation with linear DNA is less efficient than with circular plasmid 
DNA but all the recombinants obtained performed a double crossing-over (confirmed 
5 by a combination of PGR and Western blot screening procedures). Kanamycin 
resistant clones were stored at -70**C as glycerol stocks and used for further studies. 
Bacteria (corresponding to about 5.10' bacteria) were re-suspended in 50 ^l of 
PAGE-SDS buffer, frozen (-20^G) / boiled (lOO^'C) three times and then were 
separated by PAGE-SDS electrophoresis on a 12.5 % gel. 
10 The expression of GFP was examined in Whole-cell bacterial lysates (WGBL) 

derived from NmB [Gps-, PorA+] or NmB [Gps-, PorA-, GFP+]. Goomassie staining 
detected an expression of GFP absat in die recipient Neisseria meningitidis strain 
(see figure 14). 

15 Example 13: Up-regulation of die meningitidis serogroup B NspA gene by 
promoter replacement 

The aim of the experiment was to replace the endogenous promoter region of 
the NspA gene by the strong porA promoter, in order to up-regulate the production of 
the NspA antigen. For that purpose, a promoter replacement plasmid was constructed 

20 using £. coli cloning mediodologies. A DNA region (924bp) located upstream from 
the NspA coding gene was discovered (SEQ ID NO: 7) in the private Incyte PathoSeq 
data base containing unfinished genomic DNA sequences of the Neisseria 
meningitidis strain ATCG 13090. A DNA fiagment (675bp) covering nucleotides -1 15 
to -790 with respect to the NspA gene start codon (ATG) was PGR amplified using 

25 oligonucleotides PNSl* (5*-CGG CGAATTCGA GGA AGG GGC GGT GGA G-3') 
and PNS2 (5'-G GT GTA GAG GTA GGG GTA TGG GGG TGG -3*) containing 
£coRI and Mai restriction sites (underlined) respectively. The PGR fiagment was 
submitted to restriction with EcoRl and Xbal and inserted in pUG18. This plasmid 
was submitted to circle PGR mutagenesis (Jones & Winistofer (1992), 

30 Biotechniquesl2: 528-534) in order to insert meningococcal uptake sequences 
required for transformation, and suitable restriction sites allowing cloning of a 
CmR/PorA promoter cassette. The circle PGR was performed using die 
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BADOM (5'- GGC GCC CGG GCT CGA O CT TAT CGA TOG AAA ACG CAG 
C-3') & BAD02-2 (5*.GGC GCC CGG GCT CGA GT T CAG ACG GCG CGC TTA 
TAT AGT GGA TTA AC -3') oligonucleotides containing uptake sequences and 
suitable restriction sites (Xmal andXhoJ) underlined. The resulting PCR fragment was 
5 gel-purified and digested with Xhol. The CmR/PorA promota- cassette was amplified 
from the pUC D15/Omp85 plasmid previously described, using primers 
BAD 15-2 (5*-GGC GCC CGG GCT CGA GTC TAG A CA TCG GGC AAA CAC 
CCG-3') & BAD 03-2 (5*- GGC GCC CGG GCT CGA G C A CTA GT A TTA CCC 
TGT TAT CCC-3*) oligonucleotides containing suitable restriction sites {Xmal^JCbal, 

10 Spel and Xhol) underhned The PCR fragment obtained was submitted to digestion 
and inserted in the circle PCR plasmid restricted with the correspotiding enzymes. 10 
|ig of the recombinant plasmid were linearized and used to transform a strain of 
Neisseria meningitidis serogroup B lacking capsular polysaccharide (qpj-) and one of 
the major outer membrane proteins - PorA (porA-). Recombinant Neisseria 

15 meningitidis clones resulting from a double crossing over event (PCR screening using 
oligonucleotides BAD 25 (5'-GAG CGA AGC CGT CGA ACG C -3*) & BAD08 (5*- 
CTT AAG CGT CGG ACA TTT CC-3')) were selected on GC agar plates containing 
S^g/ml chloramphenicol and analyzed for NspA expression. Recombinant bacteria 
(corresponding to about 5.10* bacteria) were re-suspended in 50 ^l of PAGE-SDS 

20 buffer, frozen (-20**C) / boiled (100"C) tfuee times and then were separated by PAGE- 
SDS electrophoresis on a 12.5 % gel. Gels were then stained by Coomassie Brilliant 
blue R250 or transferred to a nitrocellulose membrane and probed eidier with an anti- 
PorA monoclonal antibody or with anti-NspA polyclonal antibody (figure 17). As for 
Omp85, there is a surprising indication that insertion of the promoter approximately 

25 400 bp upstream of the NspA initiation codon expresses more protein than if placed 
approximately 100 bp upstream. 

The same recombinant pUC plasmid can be used to up-regulate the expression 
of NspA in a Neisseria meningitidis serogroup B strain lacking functional cps gene 
but still expressing PorA. 
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Eiample 14: Up-regiilation of the iV: meningitidis serogroup B pldA fomplA) gene by 
promoter replacement 

The aim of the experiment was to replace the endogenous promoter region of 
5 the pldA (omplA) gene by the strong porA promoter in order to up-regulate the 
production of the PldA (OmplA 1) antigen. For that purpose, a promoter replacement 
plasmid was constructed using £. coli cloning methodologies. A DNA region (373bp) 
located upstream from the pldA coding sequence was discovered (SEQ ID NO: 18) in 
the private Incyte PathoSeq data base of the Neisseria meningitidis strain ATCC 

10 13090. This DNA contains the sequence coding for a putative rpsT gene. The stop 
codon of rpsT is located 169bp upstream the pldA ATG. To avoid the disruption of 
this potentially important gene, we decided to insert the CmR/PorA promoter cassette 
just iq)stream of the ATG of pldA. For that purpose, a DNA fragment of 992 bp 
corresponding to the the rpsT gene, the 169 bp intergenic sequence and the 499 first 

15 nucleotides of pldA gene was PCR amplified firom Neisseria meningitidis serogroup 
B genomic DNA using oligonucleotides PLAl AmoS (5* -GCC GTC TGA AT T TAA 
AAT TGC GCG TTT ACA G-3') and PLAl Amo3 (5'-GTA GTC TAG ATT CAG 
ACG GCG CAA TTT GGT TTC CGC AC -3') containing uptake sequences 
(underlined). PLAl Amo3 contains also a Xbal restricdon site. This PCR firagment 

20 was cleaned with a High Pure Kit (Roche, Mannheim, Germany) and directly cloned 
in a pGemT vector (Promega, USA). This plasmid was submitted to circle PCR 
mutagenesis (Jones & Winistofer (1992)) in order to insert suitable restriction sites 
allowing cloning of a CmR/FovA promoter cassette. The circle PCR was performed 
using the CIRCl-Bgl (5^CCT AGA TCT CTC CGC CCC CCA TTG TCG -3') & 

25 cither CIRCl-XH-RBS/2 (5*^CG CTC GAG TAC AAA AGG AAG CCG ATA 
TGA ATA TAC GGA ATA TGC G-3*) or CIRC2-XHO/2 (5*-CCG CTC GAG ATG 
AAT ATA CGG AAT -3*) oligonucleotides containing suitable restriction sites {BglJI 
and XhoT) underlined The CmR/PorA promoter cassette was amplified from the pUC 
D15/Omp85 plasmid previously described, using primers BAD20 (5'- TCC CCC 

30 GGG AGA TCT CAC TAG TAT TAC CCT GTT ATC CC.30 and CM-PORA-3 
(5^ CCG CTC GAG ATA AAA ACC TAA AAA CAT CGG GC-3') containing 
suitable restriction sites (Sg/II and Xhol) underlined. This PCR fragment was cloned 
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in the circle PGR plasmid obtained with primers CIRC 1-Bgl and CIRCl-XH-RBS/2. 
This plasmid can be used to transform Neisseria meningitidis serogroup B Icps-l and 
(q>s- porA-) strains. Integration by double crossing-over in the upstream region of 
pidA will direct the insertion of the porA promoter directly upstream of the pldA ATG. 
5 Another cassette was amplified from the genomic DNA of the recombinant Neisseria 
meningitidis serogroup B icps-^porA-^ DlS/Omp8S+l over-expressing DlS/0mp8S by 
promoter replacement This cassette contains the onR gene, the porA promoter and 
400bp corresponding to the 5* flanking sequence of the DI5/Omp8S gene. This 
sequence has been proven to be efiBcacious for up-regulation of the expression of 

10 D15/Omp85 in Neisseria and will be tested for the up-regulation of the expression of 
other Neisseria antigens. Primers used for the amplification were BAD 20 and 
CM-PORA-D15/3 (5'- CGG CTC GAG TGT CAG TTC CTT GTG GTG C-T) 
containing Xhol restriction sites (underlined). This PCR fragment was cloned in the 
circle PCR plasmid obtained with primers CIRCl-Bgl and CIRC2-XHO/2. This 

15 plasmid will be used to transform Neisseria meningitidis serogroup B (c/%s-) and Iqfs-, 
porA') strains. Integration by double crossing-over in the upstream region of pldA 
will direct the insertion of the porA promoter 400bp upstream the pldA ATG. 

Example 15; Up-regulation of Ifae N. meningitidis serogroup B tbpA gene by 

20 promoter replacement 

The aim of tfie e3q>eriment was to replace the endogenous promoter region of 
the tbpA gene by the strong porA promoter, in order to up-regulate die production of 
the TbpA antigen. For that purpose, a promoter replacemoit plasmid was constructed 
using £. coli cloning mediodologies. A DNA region (731bp) located upstream fifom 

25 the tbpA coding sequence was discovoed (SEQ ID NO: 17) in tfie private Incyte 
PaAoSeq data base of the Neisseria meningitidis strain ATCC 13090. This DNA 
contains the sequence coding for TbpB antigen. The genes are organized in an operon. 
The tbpB gene will be deleted and replaced by the CmR/porA promoter cassette. For 
that purpose, a DNA fragment of 3218bp conesponding to the 509bp 5' flanking 

30 region of tbpB gene, the 2139bp tbpB coding sequence, the 87bp intergenic sequence 
and the 483 first nucleotides of tbpA coding sequence was PCR amplified from 
Neisseria meningitidis serogroup B genomic DNA using oligonucleotides BAD16 (S*- 
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GGCCTA GCTAGC CGTCTGAAGCGATTAGAGTrrCAAAATTTATTC- 
3') and BAD17 (5*-GGC CAAGCT TCA GAC GGC GTT CGA CCG AGT TTG 
AGC CTT TGC*3') containing uptake sequences and Nhel and Hindni restriction 
sites (underlined). This PGR fragment was cleaned with a High Pure Kit ( BoeAinger 

5 Mannheim, Germany) and directly cloned in a pGemT vector (Promega, USA). This 
plasmid was submitted to circle PGR mutagenesis (Jones & Winistofer (1992)) in 
order to (i) insert suitable restriction sites allowing cloning of a CmR/PorA promoter 
cassette and (ii) to delete 209bp of tiie 5* flanking sequence of tbpB and the tbpB 
coding sequence. The circle PGR was performed using the BAD 18 (5'-TCC CCC 

10 GGG AAGATC TGG ACG AAA AAT CTC AAG AAA CCG-3') & the BAD 19 
(5'-GGA AGATCT CCG CTC GAG CAA ATT TAC AAA AGG AAG CCG ATA 
TGC AAC AGC AAC ATT TGT TCC G -3') oligonucleotides containing suitable 
restriction sites XmdU Bgia and Mol (underlined). The CmR/?cfrA promoter cassette 
was amplified from the pUC DlS/Qmp8S plasmid previously described, using primers 

15 BAD21 (5'- GGA AGATCT CCG CTC GAG ACA TCG GGC AAA CAC CCG-3') 
& BAD20 (5*. TCC CCC GGG AGATCT CAC TAG TA T TAC CCT GTT ATC 
CC-3') contaimng suitable restriction sites Amol, Spel, BglH and Xhol (underlined): 
This PGR fragment was cloned in die circle PGR plasmid. This plasmid will be used 
to transform Neisseria meningitidis serogroup B Icps-) and Iqfs- porAA strains. 

20 Integration by double crossing-over in the upstream region of tbpA will direct the 
insertion of the porA promoter direcdy upstream of the tbpA ATG. 

Example 16: Up-regulation of the K meningitidis serogroup B pilQ gene by promoter 
replacement. 

25 The aim of die e^qieriment was to replace the endogenous promoter region of 

the pilQ gene by the strong porA promoter, in order to up-regulate the production of 
the PilQ antigen. For that purpose, a promoter replacement plasmid was constructed 
using E. coli cloning methodologies. A DNA region (772bp) located upstream from 
the pilQ coding gene was discovered (SEQ ID NO: 12) in the private bicyte PathoSeq 

30 data base of the Neisseria meningitidis strain ATCC 13090. This DNA contains the 
sequence coding for PilP antigen. The pilQ gene is part of an operon we do not want 
to disturb, pilins being essential elements of the bacteria. The CmRJporA promoter 
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cassette was introduced upstream the/>i7e gene following die same strategy described 
for die up-regulation of the expression of the pldA gene. For diat purpose, a DNA 
ftagmcnt of 866 bp corresponding to die 3' part of die pUP coding sequence, die 1 8bp 
intergenic sequence and die 392 first nucleotides ofpilQ gene was PCR amplified 
5 from Neisseria serogroup B genomic DNA using P(>-rec5-Nhe (5'-CTA GCT AGC 
GCC GTC TGA ACQ ACQ CGA AGC CAA AGC-S') and PQ-rec3-Hin (GCC 
AAGCTT TTC AGA CGG CAC GGT ATC GTC CGA TTC G-30 oligonucleotides 
containing uptake sequences and Nhel and HindlU restriction sites (underlined). This 
PCR fragment was directly cloned in a pGemT vector (Promega, USA). This plasmid 

10 was submitted to circle PCR mutagenesis (Jones & Winistofer (1992)) in order to 
insert suitable restriction sites allowing cloning of a CmR/PorA proihoter cassette. The 
circle PCR was performed using die CIRCl-PQ-Bgl (5'-GGA AGA TCT AAT 
GGA GTA ATC CTC TTC TTAO*) & eidier CIRCl-PQ-XHO (5'^CG CTCGAG 
TAC AAA AGG AAG CCG ATA TGA TTA CCA AAC TGA CAA AAA TC-30 or 

15 CIRC2.PQ.X (S'-COGL CTCGAG ATG AAT ACC AAA CTG AGA AAA ATC -3*) 
oligonucleotides coni&ining suitable restriction sites BglBL and (underlined). The 
I Oit/Z/PorA promot^cassette was amplified from die pUC D15/Omp85 plasmid 
'^P^py^^^^y describa^^ing primers BAD20 (5'- TCC CCC GGG AGA TCT CAC 
TAG TAT TAC CCT GTT ATC CC-3') and CM-PORA-3 (5*- CCG CTC GAG 

20 ATA AAA ACC TAA AAA CAT CGG GCA AAC ACC C-3') containing suitable 
restriction sites Bgia and Xhol (underlined). This PCR fragment was cloned in the 
circle PCR plasmid obtained with primers CIRCl-PQ-Bgl and CIRCl-PQ-XHO. This 
^ plasmid can be used to transfonn Neisseria meningitidis serogroup B Icps-) and (cps-, 
porA-) strains. Integration by double crossing-over in die upstream region of piiQ will 

25 direct the insertion of the porA promoter directly upstream of the pilQ ATG. 

Anodier cassette was amplified from die genonuc DNA of die recombinant 
Neisseria meningitidis serogroup B Icps-, por-A-, D15/Omp85^) over-expressing 
D15/On^)85 by promoter replacement This cassette contains die cmR gene, die porA 
promoter and 400bp corresponding to &e 5' flanking sequence of die D15/Omp85 

30 gene. This sequence has been proven to be efficacious for iqi-regulation of die 
expression of D15/Omp85 in Neisseria meningitidis and will be tested for die up- 
regulation of die expression of otiier Neisseria antigens. Primers used for die 
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any)lification were BAD 20 and CM-PORA-D153 (5'. GGG CTC GAG TGT CAG 
TTC CTT GTG GTG C-3') containing Xhol restriction sites (underlined). This PGR 
fragment was cloned in the circle PGR plasmid obtained with primers CIRCl-PQ-Bgl 
and CIRC2-PQ-X. This phsmid can be used to transform Neisseria meningitidis 
5 serogroup B Icps-) and lq>s-, porAA strains. Integration by double crossing-over in the 
upstream region of pilQ will direct die insertion of the porA promoter 400bp upstream 
thepiVgATG. 

Example 17: Construction of a kanR/sacB cassette for introducing **clean'\ unmarked 

10 mutations in the M meningitidis chromosome. 

The aim of the experiment is to construct a versatile DNA cassette containing 
a selectable maricer for the positive screening of recombination in the chromosome of 
Neisseria meningitidis fie: kanR gene), and a counter selectable marker to delete the 
cassette from the chromosome after recombination (ie: sacB gene). By this method, 

IS any heterologous DNA introduced during homologous recombination will be removed 
from the Neisseria chromosome. 

A DNA firagment containing die neoR gene and the sacB gene expressed under 
die control of its own promoter was obtained by restriction of the pIB 279 plasmid 
(Blomfield IC, Vaughn V, Rest RF. Eiscnstein BI (1991), Mol Microbiol 5:1447-57) 

20 widi BamHl restriction enzyme. The recipient vector was derived from plasmid 
pCMK, previously described The kanR gene of the pCMK was deleted by restriction 
with enzymes Nrul and EcoRV. This plasmid was named pCMKs. The neoR/sacB 
cassette was inserted in the pCMKs at a BglR restriction site compatible with BamHl 
ends. 

25 £. coli harboring the plasmid is unable to grow in the presence of 2% sucrose 

in the culture medium, confirming the functionality of the sacB promoter. 
This plasmid contains recombinogenic sequences allowing the insertion of the cassette 
at the porA locus in the chromosome of Neisseria meningitidis serogroup B. 
Recombinant Neisseria were obtained on GC agar plates containing 200)ig^ml of 

30 kanamycin. Unfortunately, die sacB promoter was not functional in Neisseria 
meningitidis: no growdi difference was observed on GC agar plates containing 2% 
sucrose. 
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A new cassette was constnicted containing the sacB gene under the control of 
the kanR promoter. A circle PGR was pafonned using the plasmid pUC4K 
((Amersham Pharmacia Biotech, USA)) as a template with CIRC-Kan-Nco (5'-CAT 
GCC ATG GT T AGA AAA ACT CAT CGA GCA TC-V) & CIRC-Kan-Xba (5'- 
5 CTA GTC TAG AT C AGA ATT GGT TAA TTG GTT G-3') oligonucleotides 
containing Ncol and Xbal restriction sites (underlined). The resulting PGR fragment 
was gel-purified, digested witii Ncol and ligated to the sacB gene generated by PGR 
from the pIB279 plasmid with SAC/NCO/NEW5 

(5'<:AT GCCATGGGA GGA TGA AGG ATG AAC ATG AAA AAG TTT GGA 
10 A-3') oligonucleotide containing a Ncol restriction site (underiined) and a RBS (bold) 
& SAC/NCO/NEW3 (5'-GAT GGG ATG GT T ATT TGT TAA CTG TTA ATT 
GTG-3') oligonucleotide containing a Ncol restriction site (underlined). The 
recombinant E. coli clones can be tested for their sensitivity on agar plates containing 
2% sucrose. The new kanR/sacB cassette can be subcloned in the pCMKs and used to 
15 transform a Neisseria meningitidis serogroup B cps- strain. The acquired sucrose 
sensitivity will be confirmed in Neisseria. The pCMKs plasmid will be used to 
transform the recombinant kanX/SacB Neisseria to delete the entire cassette inserted 
in the chromosome at ±eporA locus. Clean recombinant Neisseria will be obtained 
on GC agar plates containing 2% sucrose. 

20 

Example 18: Us e of small recombinogenic sequences (43bp) to allow homologous 
recombination in the chromosome of Neisseria meninjdtidis. 

The aim of the experiment is to use small recombinogenic sequences (43bp) to 
drive insertions, modifications or deletions in the chromosome of Neisseria. The 

25 achievement of this e>q)eriment will greatly fecilitate fiiture work, in terms of 
avoiding subcloning steps of homologous sequences in £. coli (recombinogenic 
sequences of 43bp can easily be added in the PGR amplification primer). The kanR 
gene was PGR amplified from plasmid pUG4K with oligonucleotides Kan-PorA-5 
(S ^GCC GTC TGA AC C CGT CAT TCC CGC GCA GGC GGG AAT CCA 

30 GTC CGT TCA GTT TCG GGA AAG CCA CGT TGT GTC-3') containing 43bp 
homologous to the 5' flanking sequence of NmB porA gene (bold) and an uptake 
sequence (underiined) & Kan-PorA-3 (S ^TTC AGA CGG C GC ACC AGG AAT 

H 
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TTA TCG GAA ATA ACT GAA ACC GAA CAG ACT AGO CTG AGO TCT 
GCC TCG-3*) containing 43bp homologous to the 3* flanking sequence of MnB porA 
gene (bold) and an uptake sequence (underlined). The 1300bp DNA fragment 
obtained was cloned in pGemT vector (Promega, USA). This plasmid can be used to 
5 transform a Neisseria meningitidis serogroupB cps- strain. Recombinant Neisseria 
will be obtained on GC plates containing 200)ig/ml kanamycin. Integrations resulting 
from a double crossing-over at the porA locus will be screened by PCR with primers 
PPAl & PPA2 as described previously. 

10 Example 19: Active protection of mice immunized with WT and recombinant 
Neisseria meningitidis blebs 

Animals were immunised duw times (IP route) with 5 \ig of the different 
OMVs adsorbed on AI(0H)3 on days 0, 14 and 28. Bleedings were done on days 28 
(day 14 Post II) and 35 (day 7 post HI), and they were challenged on day 35 (IP 
15 route). The challenge dose was 20 x LD50 (-10^ CFU/mouse). Mortality rate was 
monitored for 7 days after challenge. 
OMVs injected were: 

Grougl : Cps-, PorA+ blebs 
Group2: C ps*, PorA* blebs 
20 Group3: C ps-. PorA-, NspA+ blebs 

Group4: C ps-. PorA-, Omp85+ blebs 
GroupS: Cps-, PorA-, Hsff h\db$ 
Figure IS illustrates the pattern of ttiese OMVs by analyzed SDS Page 
(Coomassie staining). 

25 24 hours after the challenge, there was 100% mortality (8/8) in the negative 

control group (immunised with AI(0H)3 alone) while mice immunised with the 5 
different OMVs preparations were still alive (7 to 8/8 mice siuvived). Sickness was 
also monitored during the 7 days and die mice immunised with the NSPA over- 
expressed blebs appeared to be less sick than the other groups. PorA present in PorA+ 

30 blebs is likely to confer extensive protection against infection by the homologous 
strain. However, protection induced by PorA- up-regulated blebs is likely to be due at 
least to some extent, to the presence of increased amount of NspA, Omp85 or Hsf 
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Example 20: Immimogenicity of recombinant blebs measured by whole cell & 
specific ELJSA methods 

To measure the ability of the antibodies lo recognize the antigens present on 
the MenB cell sur&ce, the pooled mice sera (from Example 19) were tested by whole 
cell ELISA (using tetracyclin inactivated cells), and titers were expressed as mid-point 
titers. All types of bleb antibodies induce a high whole cell Ab titer while the 
negative control group was clearly negative. 
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The specific Ab response to available recombinant HSF protein was carried 
out Microplates were coated with 1 ^g/ml full length HSF molecule. 

The results illustrated in Figure 16 show diat there was a good specific HSF 
response when HSF over-expressed OMVs were used to inununize mice (using 
purified recombinant HSF on die plates). The HSF over-expressed blebs induce a 
good level of specific antibodies. 
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SEQ.n>NO:l 

Nucleotide sequence of the pCMK(+) vector 

TCrrCCGCTTCCTa^CICACTGACTCGCrGCGCrCOC;^^ 
iUlTMX3(^ATCCACAGAATCAO(XX3ATAACOCAGaAAAG 

TGCXrGAAACCCGACAGGACTATAAAGATACCAGG C bri IL CV U C I X^ GJUUS C TCCCTCGTGCGCir IXLCTCITCCGACCCT 
GCCGCrrACCGGATACCTCTCCGCXITTTCTCCCTXCOGGAACK^^ 

AACTATOnCrrGACnCCAACCCGGIAAGACftOGACTI^^ 

GAGGTATGTAGGCGGTGCTAaVGA Ui ILnii AAGTG G TG G CgTAACTACGGCPlCACTftGAAGAACACT ^ 

UUriTrXTmri ItSCAAGCAG C AGATT A iCaCiiC A GAAAAAA A G G ATCTC A AGM^GAlt^ I'lC'l'AOGiGUOTC 
TGACGCTCAGItSGAACGMUUVCTCACGTTAAGGGATT^^ 
TAAATXMUUUlTGAAGTTTrAAATCAATCTAAAGTATATAI^^ 
GAGGCACCIATCTCAGCGATCTGTCrilTTTCSriCAXCCATACTTG^^ 

GGAOGGCRACCATCTGOCCCCAGTGCTGCAATGAXAOOOOGAGACCCAOGCTCACOGGCTCC^^ 
ACCACSCCMjCCOGAAGGGCOGAGCGCAGAAGTGCnCCTGCAACTTTArCOGCCTC 
GAABCTAGAGTAAGTAU'rLXAiCCAGTTAArAGI X iXaUiCAALUilt«riX>CCAllXjCTACAGGCAlXJinW^ 
UitUlTiW lOTCJULTItJ^TTCftUCiXXXJO'riCC C I tf kC G ATCIUUXWB^^ it»CAAAAJVAO 

GATA AlUVlVriA CTGT CA TGCCATCC G T A AGATG LVmVlVlti AC^^ 



CAOG A itfSOCA A AAirGCOflC 




AAAAAAGGGAATJUtfSOQOUCACOGAAATGTTGlVATACTCMA 
GTIATTtnCTCASGAGCGGATACATATrTGJUWIGIATTI^^ 
AAMnGCCACCTOACGTCrAAGAAACCATrATTATCATGACATTAACCT^^ 

ATXaOCX S T G AAAACCTCT G ACACATOCA GC TCCaSOJ^CGSTC A f^ ^ 



GAGCAGATXGTACTGAGAIjrGCACCATMUUiriGTAAACGT^ 
CAGCTCATXTTTTAACCAATAGGCCGAAATCGGCMAATCCCT^ 

GAlGGCCCACTACGTGAACCATCACCayUlTaUUUliTm 

AGGGAGCCCCOOArnAGA liC ' llU ACGCXaiAAAGCCGGaa^^ 

GOGCTAGCXKGCTOGCAACICglAGCOGTCACGCT GCGO ^^ 

CaaJM imwnwmW OOT ATGOQ GTGlGAAAlACCO^ 

TCGCCArrCAGGCIGCGCAA Ln^riXJU aUtfSGGOSAT^^ 

TT GC C U l Xr i ttf UlTACATCCCGTCATTCCTC A AAAACAGMUUl ^ ^ 
OaOGGGtJiTCC Mj f l X XU t l ' i ' ^ 

TGACGGCTGTAGATGCCaai i X ;tfiXrriU ATAGOG^^ 

ATASTftOGGAACCGATTCA CnWiU,! l\J tfXaCCrPWSJtfaU llU>lUVlVmX» GCT^^ 
T ibiimUX ' l3 JlTCCACTATAAAUi U>LUijiGlt; iTiT rnA ^ ^ 

AGCGCATOGGCCOSCACGAOCJlVlCTGGJtfnCSCBAGCATCAAGGGCGAATrcrGCAGG^^ 
GTOTCTOUUtflTCTCTGAIGTTACATroCACAAGATO^^ 
OUaAATACAI MSOUfim ' U CTOAGCCATATTCAACGGCaw ^ 



CTAAATICCAACATGGATG 
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10 



15 



20 



25 



30 



CnX3ATTtATATGGCmWTAAATt»CTCCCG^ 
^^CCGCCAGAGTTOtTTCTOAAACATGQCAAAGGlJ^^ 
GCrGWXSGAATlTATGCCICrTCC^ 
TCCCCGO^AAACAGCATTCCAGGTATTAGAAGAATATC^ 

ACGWGAATAAOOCnTrGGTTGATOCGAGTGATTTTO 

AAATOMauUXrrTTTO^ 

QAGaRSAAATTAATOUSCrroTATTOran^ 

CTGCCraSglGA bl 1 i iL ICLri l CA TrACAGAAA CGUC I rmVA AAAATATGGTATTCATAATCCIGATAT^ 
TGCAuAAAiJVTTIGATGCTOGATtaUflTmxrrAATC^^ 

A\,I i\iACGGGACGGGijw,i> A A\m>X;AATAAATCGAACl'i'l it^UXIAGTIGAAGGATCAGATCAOCXAlVnXXX ^ 

GO>CACuuAxi,uW\»GCAAAGCAAAAGTTCAAAATCACCAACT^ 

CCTCA Cmt:itjUC«J(» TC5AT^^ 

GCa:ca:CCOCCCrGCflGQAGGTCIGCCCTTGA ATOl^ ^ ^ 

TATATCAAAATATAATCATrTTTAAAATAAAOCaTOCGG^^ 

43a^«.«i«ui^TAATTaAAGACOTAIC^ rGCCCOGAATiaiGAGCOGATAACAArTaS^^ 

^C^'rrgACAA A ACGAAGCCCAIATCCATCCT3tf30CCrAT^ 

CCCOTACCTCTAG»ACTiaAGCr^^ 

^^^^^*^"^ft*^OPCAAIIUXX>QCATaXKI^^ 
TATCGCSGGCGOiaAAGCGGATAGCTTTGTTXT^ 

^^^°^PCCCCAAACAAAAACrOGGATACGGAAGftAAAAO(XXJUVTAAAaACaCC^ 

O^rTOOCMTXTTOOCTTGGTTTQCRCATMa^^ 

AAATCWaaAAAAATmCAArrecCTAAAACCIT^^ 

TITIGAAAAIWSATTXSAGCATAAAA^^ 

GQAATCXAOICTClTaXnxrCAGTTATTTXX^ 

ClGTTTCCXGTCnQAAATZGTTATCOGCTCACAATTCCACAC^^ 

^QCCTAATCAGTGAGCTAACTCACATTAATTGCGTTCC^^ 

TOCaTTgUTGAATCGgCCAACOCGCOSGGftGAG GC GGr^^ 

SEQ.IDN0:2 

Nucleotide sequence of DNA region (997 bp) upstream from the NspA gene in 
tiie Neisseria meningitidis serogroup A strain Z2491. 



35 



40 



T'^CACGGCGCGCTGGAAAGCGCGGCmTTOIC^ 
AMTIGAACTACTOOCAffrTCGCOCSATTATrrJ 




AAACCOT 

™CftGGAGCGCACGX3GCGTACCGAGIGC^ 
O^SACCCXGCCGTATTCCGCCCGACCBAAAAAa 

TCC<jriACTATCTGTA C T TOl X WGGCllU»lU»CCTi XaCCl ^ i H lUaTA ATCCACIAT 
Q^'^^C^^^SGAAAACCCCCCCXSAACGCGrCCOGAAAATAT^^ 
GOCnroWACGGCACAGCCGCCOCCGQAAAT^^ 



45 CTGCAACAATCCGACAfiAT 



^'"TOCAACTTTCACCCATCaSCOtXJGTGATOCOGCCACCA 
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SEQ.IDN0:3 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the DlS/Omp85 
5 gene in the Neisseria meningitidis serogroup B strain ATCC13090. 

ACCATTGCCGCCOCMGCCOGCTTCCAAAGOCXMCSAauUUlX^ 

CGCGCAAACCGAAATOCmXTCAACCT^^ 

CCGOkCCATCG^TGCCGCAGCSCACGCCGGAAGCCGGt 

10 CKXXXXGAOSGCAAACCCATZACCTCAXGGCAAGAATCXXSCAA^ 
GAACrACGAACC0CKX3X;ACAAACCCAIACCGC^ 

GaiTTCGGCATGOGCT T X»AAAAAACa?rTTCCCAC^^ ITnUJUa uUtfrtAAJCAGOGGCAA 
CGCCrCaiTCAGCCATArnXXAiUiCtXiCIGft^ 
15 ATTTGQAATTITrGGCACIGGTCAGCATCaCXrCTC GGC GTG^ ^ 1 ritJU ACGGCGGCCAC 

TGCarrCATGATGCIGAXQATOQOQCnaSCCTTCTTC^^ 
'TGCaTtCtGkMCCOCJmC^ 

20 SEQ.IDN0:4 

Nucleotide sequence of DNA region (1000 bp ) up<^tream from the Hsf-like gene 
from Neisseria meningitidis 

attcccgcgcaggcgggjuvtccagaaacgcaacgcaacaggaatttatcggaaaaaacagaaacctc^ 
cc(x:aaaagcgggaatctagaaacacaacgcggcaggactttatcagaaaaaacagaaaccccacc^^ 

AAAAGCCGGAATCCAGACCCGTCGGCACGGMUlCTTACCGGATAAAACA flr ' 

ctttcgcgggaatgacgagattttagattatgggmtttatcaggaatgatiqvatc^ 

TCAGAAAAAACAGAAACCCCCACCGCGTCATtCCCW 
AAAAAACCCaAACCCCACCGACCGTCATTCCCGCAJU^AGTTGGAATCC^ 
AAACAGAAACCCCCACCGCCTCATTCCCGCGCACXXGGGAATCCAGAAACJUyu^ 
30 AGAAACCCCACCGACCCyrCATTCCCGCAAAAGCGGGAATCCAGCAACCGAAAAAC^ 

ACCCCACCGACCGTCATTCC C GCAAAAGCTGGRAT C CAAAAACGCAACGCAACACGAATTTATCGGAAAA^ 
CCACCGCCGTCATTCCCGCAAAAGCGGGAATCCAGACCCGTCGGCACGGAAACTTACCG» 
TCCACGTCCaVGATTCCCGCCTTCGCGGGAATGACGAGATTTTAAGTTGGGG^ 
35 AAAACCGGGCGGATGCCGCACCATCCaCCCCAAACCCCCaTTTAW 

SEQ,IDN0:5 

Nucleotide sequence of DNA region (772 bp ) up-stream from the PUQ gene from 
Neisseria meningitidis 

GCGATGTCGGGAAGCCTTCTCCCGAATCATTACCCCTTGAGTCGCTGAAAATCGCCCAATW 
CATGACGOCAAGAGCAGCATCCTGAACCTCAGTGCCATTGC^^ 
A(yuVGCGGCACAAAATGCCGAGCAAAAATAACTTACGTTAGGGAAACCAT^^ 

TCATACCTTTCCAAGCACCTACCCTCCCGGTTGCGCCGGTATACAeCCCGCCGCAGCTTACACGa 
45 TTCCGCCGCATGGAAACCGACAAAAAAGCXKaUUATGCCCCCGACACCAACCGTAn 
TTTGGAAAATATGCGTTATGTCGGCATTTTGAAGTCTG(au:AGAAAGTCTCC^^ 
ACACTGTCGGTGTCGGCAACTATTTGGGACAAAACTACGGTAauiTgeAAAlsrw 
GAGCTGATAGAAGACAGCACCXXXrAACTGGGmCCCGTAAAiaaiaui^ 
ACAAGCGGCAGCACCTGCCGCAGAACAAAATTAAfiAAGAGGATTACTCCATT 



25 



40 



50 



SEQ.IDN0:6 
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Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hap gene 
from Neisseria meningitidis 

CTGCGGCA AA AAACAGCAAAAGCCCGCTGTCGATTGCCTGACCGTCCGCGTCCGTAAIUiT^^ 

CCACACAAAGCCTCTGCCATCGGCAGCAGGTTTTTCCCCGATATGCGTATCACGCCXACG^ 



10 



ATTATAGCAAATGCCGTCTCAAGTCCGACGGTTTGGCTTTCAGACGGCATAAAACCGCAAAAATGCTTG^ 

CGCCTGACCTAATATAACCATATGGAAAAACGAAACACATACGCCTTCCTGCTCGGTATAGGCTCGCTGCTGGCT^^ 

CCATCCCGCAAAAACCGCCATCCGCCCCAATCCCGCC6ACGATCTCAAAAACATCGGCG6CGATTTTCAACGCGC» 

AGAAAGCGCGAAAATGACCGAAAACGCACAGGACAAGGCGCGGCAGGCTGTCGAAACCGTCGTCAAATCC^^ 

TCGAGCAAATCCrGTCCGACGAGTACGTGCAAATAATGATAGCCCGGCGTTTCCATTCGGGATCGTTGCCGC 

C»CTTGGCGCAATACAACGACATTATCAGauXGGGGCAGACCGCATTATGGCAATG^^ 

GCACGAAACCATACGGCAAGACCAAACCTTCAACAGGCGCGGGCAACTGTACGGCTTCATCAGCGTCATCCTGATACTGC 
TTTTTGCCGTCrrCCTCGTATGGAGCGGCTACCCCGCAACCGCCGCCTCC 



15 acgccgaaccgcacatataggcacatcccgc(x:gccgccggaagcggaagccgcgccctcccaaaca^ 
tcagataacsgaaaaata 



SEQ.IDNO:? 

Nttdeodde sequence of DNA region (924 bp) up-stream from the NspA gene from 
20 Neisseria meningitidis (serogroup B) (ATCC13090) 

GGAACCGAACACGCCGTTCGGTCATACGCCGCCGAAAGGTTTGCCGCaUiGACGAAGCCGCCCTC^^ 
TACACGGCGCGCTGGAAGGCGCGGGTTTTGTCCACTACGAAACATCGGCTTTTGCGAAACCAGCCATGCAGTGCCG^ 
AATTTGAACTACTGGCAGTTCGGCGATTATTTAGGCATAGGCGCGGGCGCTCACGGCAAAATTTCCTATCCC^^ 
CGAGCGCACCCTCCGCCGCXGCCAC CCCA ACaCTACCTCSCCTTAATGCAAA^ 
25 AAACCGTTGCCGCCGAAGATTTGCCGTTTGAGTTCATGATGAACGCCCTGCGCCTGACC^ 
TGCAGGAGCGCACaXX:GTACCGAGTGCCAAAATCATGGCGaUUiTCGAAA^ 

GACCCCGCCGTATTCCGCCCGACCGAAAAACGACG Cl ibl I ' TT T A AACGATTl W l l ^ C A UAGl i U 1 1 ATAGTGGATTAA 
CAAAAACCAGTACGGCCrrTGCCTCGCCTrACCTCAAAGAGAACGATTCTCTAAGGTGCT^^ 
CCGTACTATTTGTACTGTCT G CGCX ^ TT CG 'f CG CCtT GTC^ ^ 
30 CG^CGCCCGGGAAAACCCGCCCCGAACGCCTCCCGAA^ 

GCGTTTCAGACGGCACJIGCCGCCGCCGGAAATGTCCGACGCTTAAGCXACAGACCXACACAAAM 
GCAACAATCCGACAGATACCGCTGTTTTTTCCAAACCGTTTGCA 

SEQ.IDN0:8 

35 Nucleotide sequence of DNA region (1000 bp ) up-stream from the FrpB gene 
froni Neisseria meningitidis (serogroup B) 

AA6TGGGAATCTAAAAATGAAAAGCAACA(X;AATTTATCGGAAATGACCG^ 
' GCGftATQ^GGCGACAGGGTTGCTGTTATAgrGGATG^ 
At% ACGftTTCTCTAACGTOCTGAAGCAaaAGTGAATCGGTTCCCTCgTATTTCTACTG 
40 G A TT ICiUl iU.1 1 1 IL GGTTA TTCCCaVTAA ATTACC GC C^ i ri Lm, TCATTT^^ 

AGGCGGGAATCTAGi i i ll'l'lUAGTTCCAGTICill'lVru^TAAATTCTTGCA GC TTI G AGTTCt TA GATTCCCACTTTCg 
TGGGAATGACGCTGCAAAAGTT CCCG T G ATTTCGGATAAATTTTCCrAACGCAT ^ i i tCUmTA CCCGATAAATGCC 
CGCAATCTCAAATCCCGTCATTCC C CAAAAACAAAAAATCAAAAACAGAAATATCCTCATTCCCGCGCAGGCGGGAATCT 
A^CCTTAGAACAACAGCAATATTCAAAGATTATCTGAAAGTCCGAGATOT 
""^5511* ^^'^^ * ^ ^ IU.1TTTL'1GTCCTTGCGGGAATGATGAAATTTTAAGTTTTA^ 
AAJBCCGCTC CGCCGTCA TTCCCGCACAGCCTTCCTCATTCCC^^ 
• TATTCCCGCCGT t I'TTT ACATTTCCGAaUVAACCTGTCAACAAAAAACAACACTTCGCAAATAAAAACGATAATC^ 
TGCAAAAATCCCCCCCCCCTGTTAATATAAATAAAAATAATTAATTAATT Ai 1 1 1 iCri ' A TCCTGCCAAATCTTAACGGT 
TTGGATTTACTTCCCTTCATACACTCAAGAGGACGATTGA 

50 

SEQ.ro N0:9 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the FrpA gene 
from Neisseria meningitidis (serogroup B) 

55 CTATAAAGATGTAAATAAAAATCTCGGTAACGGTAACA Ll ITi^TO UaaUtf^^ 
CXGCAAAAATGGGGGATTTACTTTTAGCACCCGACAATCTGCACAGCCGCTTCAC^ 

CTTCGGGAAAACAC6ATTTCCCU.1 1 lUi 1 1 1 AGGCTGTCTAAACAAATAACCATAAATGTATATCATTATTTAAAATAA 

ATAAAAGTATTTAACTATTATTGACGAAATTTTAGAGAAAGAGTAGACTGTCGATTAAATGACAAACAATAGTGAGAAA^ 

GAAATAmACTATCCGAGCACAGAGCATATTTTAGGTAGCCrCTAACTGTTCCTGCTGGCa 
OU CTTACCCGAGAATAAATGTCCTGTTGTGTGATATGGATGCCATGCCGCGAAGCAATTGATGC^ 

TGAATGAAACCTGTCGTTGCAGAATTTGAAAACGCTATTTTTAAGAAAGGATAAAGGGAGAAAGA AX H UU>i iiViA A 

GCTGCATGAAACCGTGTTGGAATAAATGCACACCTACGATAATTAATA Af 1 ULb H 11 T I ' A TTCTACAAGCTATTTATA 

TATGATTGCTAAAAGTTTATITTTTAGATCCCAAAAAATATATTTTATATACTTC^^ 

ATATATCTTACGATGGGGAAATATTTATATATTTTATAATAAATTTTACTCATTT^ 
W CTATTTTGTAGAATTTTTCCATATGAAAATATTCCAmACTATTTTTCTG^ 

>1 



45 
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ACCTCTTATATTTACCATJUIGAGAGCTAATTGATTCATATTATATT^ 
CTCACGTT AT T 1 1 X'X T AATTTACTT6AAAG6AAAGCA6AT 

SEQ.BDNOrlO 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the FrpC gene 
from Neisseria meningitidis (serogroup B) 

CX»AACAGAGAAAAAAGTTTCTCTTCTATCTTGGATAAAT^^ 

TAAGTAGTAAAAGTTACTAAATTATTTrTAACTAAAGAGTTAGTATCTACCArAATATATTCTTTAACTAATTT^ 
TTGAAATTATGAGACCATATGCTACTACCATTTATCAACTTTTT AllilGrn ' A TTGGGA G I G Tr T ^^ ^ ^^ ^ ^ 
T(nGAACCTGTGAATGAAAAGACAGATCAAAAAGCAGTAAGT6CGCAACAG6CTAAAGAACAAACCAGTTTCAACM 
CGAa:CAAT(»aVGGATTTGAAC»TACGGTTACATTTCATTTTCAGGGCMCAA^ 
CACGGTATACGCAAGACAATGCCACAAAATGGCTTTCCGACACGCCCOXKyVG^ 
ATTAGCGTCTATTA CAAA AAAACCGACCAAGGCTGGGTTCTTGAGCCATACAACXAGCAAAACAAAGCACACm 
ATTTCTACGCGACGGTTTGGATAGCGTGGACGATATTGTTATCCGAAAAGATGCGTCTAGTTTAA^ 
1 5 AAAGATTGCTTACT TACG GGGTTA AAAA AATGCCATCTGCCTATCCTGAATACGAGGCTTATGAAGATAAAAGACATATT 
CCTCAAAATCCATATTTTCATGAATTTTACTATATTAAAAAAGGAGAAAATCCQGCGATTATTACTCAT^^ 
AATAAACCAAACTGAAGAAGATA<nTATAGCACTAGCGTAGGrPCCTGTATTAACG<WTTCACCGTACAGTATTACCCG^ 
TTATTCGGGAAAACCAGCAGCTCACACAGCAGGAGTTG(»AG<arrATCACCAACAAGTAGAGCAATTG6TACA 
GTAAACAATTCAAATAAAAAATAATTTAAAGGATCTTATT 

20 

SEQ.IDNO:ll 

Nucleotide sequence of DNA region (1000 bp ) up-stream from tlie Omp85 gene 
from Neisseria meningitidis (serogroup B) 

ACtmXGAACCGTGATTCCGCAACGCCGCGCCCAAAACCAAAGCCCAAGCCAAAATGCCGATATAGTTGGtt 
25 ^gTTA^CG G GTTG g GA^^ 

CCAATGAOWAAAiaaTGATAATCCGCCTGATATGCGCCTTGTTGC 

AATAAATACaUUUUrCGGCGCGACCGCTTTGAGCGCGCCGACAAACaCGCTGCCGAACAA G CCTGCCGCCAAGCCCAOT 
GCGGGGAAACCGAACCGATTACGATGCCCAACGCCAAACCGGCOGCAAyCTG C CTGACCAGGCTGACGCGGCCGATCG^ 

JO TGAAATAAGGATTTGCCCAACGCCATAATTCTTCCTTATGTTGTGATATGW 

C A TT CfClGlGl 1 i i i n l A TTTTTCGGCTGTGTTTTAAGGTTGCGrrGATTTGCCCTATGCAGTGCCG^ 
CTTTATC ATTCGGCGCAAC GGTTTAATTTATTGIUICGAAAATAAATTTATTTAATCCTGCC^^ 
GAAACGCAGCC lt»A' I'TTtXATATGCGGATTOSAAACAAAATACCrrAAAACAAGCAGATACATTTt^ 
CICCGAAATACCGGCGGCACTATQCCGtCtGAAGTGTCCCGCCCCGTCCGAACAACACAAAAACACa^^ 

J5 GTCCGAACAGTGTTAffiU^ 

CCTGCCGGCTTTAI^TTTTCTTTCCGCACGCATACGCGCCT 

I 

SEQ.IDNO:12 

Nucleotide sequence of DNA region (772 bp ) up-stream from the POQ gene from 
40 Neisseria meningitidis (serogroup B) (ATCC13090) 

GCGATGTCGGGAAGCCTTCTCCCGAATCATTACCCCrTGAGTCGCTGAAAATCGCCCAATCTCCG^ 
CATGACGGCAAGAGCAGCATCCTGAACCTCAGTGCOVTTGCCACCACCTACCAAGCAAAATCCGT 
AGAAGCGGCACAAA ATGC CGAGCAAAAATAACTTACCTTAGGGAAACCATGAAACACTATGCCTTACT 
GGCTCTCTCCGCGT6TTCCCAAGGTTCTGAGGAC 

45 TCATACCTTTCCAASCACCTACCCTGCCGGTT GC G CC GGTATACAGCCCGCCGCAGCTTACAGSGCCGAACGCA^ 

TTr GGAAA ATATGCGTTATGTCGGCATTTTGAAGTCTGGACAGAAAGTCTCCGGCTTCATCGAGGCT 
ACACTGTCGGTGTCGGCAACTATTTGGGACAAAACTACGGTAGAATCGAAW 
GAGCTGATACAAGACACCACGGGCAACTGGGTTTCCCGT AA AGCAGAA g T m TGTT t SAATTCm 
50 ACAAGCGGCAGCACCTGCCGCAGAACAAAATTAAGAAGAGGATTACTCCATT 

SEQ.IDN0:13 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hsf-like gene 
from Neisseria meningitidis (serogroup B) 

GGTTGGGGGTTTTCTGATAAATTCCOCCAACTTAAAATCTCCTCATTCCCGCGAAGGCGGGAAT^^ 
AAGGAAACTGTTTTATCCGGTAAGTTTCCGTG^ 

T C T G I T T ITT CCGATAAATTCCT G TT GCG A'l U^U l'T mtjG ATTCCA GCr TTT GC GGGftATGACGGTCG 
A) ^^ ^^^g^g^ ^Q^^ g^g^TTCTGGATTCCCGCCTGCGCGG^ 
OU TTTTGCTGATAGATTCCTOGGTTm 

TpcCGATAAATTOTGTTGCGTTGTGprCT^ 

CGATAAAl I CC T G 'X T G C Uf i' UU. 1 i I' TT G GATTCCAACTTTTGCGGGAATGACGGTCGGTGGGGTTTCG G I 1 1 1 TIL CGA 
TAAAGTCCTGOT KGl H.H»m ' tTi; GATTCCCGCCTGCGCGGGAATGACGCGGTGGGG G TT IClUI 1 1 1 1'l' LTCA TAGA 
TTCCTGTGGT ITTTCTATGGATTCAATCATTCCTGATAAATTCCO^TAATCTAAAATCTCGTCAT^^ 
05 AATCTAGGACGTGGAA TCTAAGGAAACrG TTTTATCCGGTAAGTTTCCGTGCCGAC IT I GCGG 

SEQ.IDN0:14 

70 Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hap gene 
from Neisseria meningitidis (serogroup B) 

1^ 



wo 01/09350 



PCT/EPOO/07424 



AATCAGCATAGGTTGCCACGCGCGGCTTGGGCGTTTTCCCACACAAAGCCTCTGCC^ 
ATGCGTATCACGCCXACGCCGCCGCGCrcGGGTGCGGTAGCGACTCCCGCAATCGTTGGAACGTT 
CCCGAAAATTCAAAACACXXGCGATTATAGCAAATGCCGTCTGAAGTCCGACGGTTTGGCTTT^^ 
CAAAAATGCTTGATAAATCCGTCCGCCTWCTAATATAACCATATGGAAAAACGAAACACATACGCCTTCCT GC T C 
5 ATAGGCTC(XTGCT6GGTCTGTTCCATCCC6CAAAAACCGCCATCCGCCCCAATCCC(X:C6^ 

CGGCGATTTTCAACGCGCCATAGAGAAAGCGCGAAAATGACCGAAAACGCACAGGACAAGGC6CGGCAGGCTGTCGAAA 
CGTCGTCAAATCCCCGGAGCTTGTCGAGCAAATCCTGTCCGACGAGTACCrrGCAAATAATGATAGCCCGGCGTrrCCA 
CGGGATCGTTGCCGCCGCC6TCCGACTTGGCGCAATACAACGAC3\TTATCAGCAACGGGGCA^ 
GCGGAAAAAGAACAAGCCGTCCGGCACGAAACCATACGGCAAGACCAAACCTTCAACAGGCGCGGGC^ 
10 CATCAGCGTCATCCTGATACTG C TTTTT G CCGTCTTCCTCGTATGGAGCGGCTACCCCGCAACCGCCGCCTCCCTTGCCG 
GCGGCACAGT GG TTGCCTTGGCGG &rG CTTTCGTGATTGGAAGAAGCCGAGACCAAGGCAAAAACT 

15 SEQ.IDN0:15 

Nucleotide sequence of DNA region (1000 bp ) up-stream from tlie LbpA gene 
from Neisseria meningitidis (serogroup B) 

GATTTTGGTCATCCCGACAAGCTTCTTGTCGAAGGGCGTGAAATTCCTTTGGTTAGCCAAGA^ 
CGATGGCAGGGAAATGACCGTCCGTGCTTGTTGCGACTTTTTGACCTATGTGAAACTCGGACGGATAAAA^ 

20 CGGCAAGTAAACOUUiGGCGGAAGATAAAAGGGAGGATGAAGAGAGTGCAGGCGTTGGTAACGTCGAAGAAGG^ 

GIUVGTTTCCGAAGATGAAGGCGAAGAAGCCGAAGAAATCGTCGAAGAAGAACCCGAAGAAGAAGCTGAAGAGGAAGA 
TGAACCCAAAGAAGTTGAAGAAACCGAAGAAAAATCGCCGACAGAAGAAAGCGGCAGCGGTTCAAACGCaiTCCTGCCTG 
CCTCGGAAGCCTCTAAAGGCAGGGACATCGA CC TTTT C CTGAAACGTATCCGCACGGCGGAAGCCGACATTCCAAGAACC 
GGAAAAGCACACTATACCGGCACTTGGGAAGCGCGTATCGGCACACCCATTCAATGGGACAATCAGGCGGATAAAGAAGC 

25 GGCAAAAGCAGAATTTACCGTTAATTTCGGCGAGAAATCGAT T TCCGGAACGCTGACGGAGAAAAACGGTGTACAACCTG 
CTTTCTATATTGAAAACGGCAAGATTGAGGGCAACGGTTTCCACGCAACAGCACGCACTCGTGAGA^ 
TCGGGAAATGGTTCGACCAACCCCAGAACCTTCCAAGCTAGTGATCTTCGTGTAGAAGGAGGATT^ 
GAGGAATTGGGCGGTATT ATT ' iTC AATAAGGATGGGAAAtC'ICTrbUTATAACTGAAGG^ 
TGAAGCrGAAGTTGAAGTTGAAGCTGAAACTGGTGTTGTCGAACAGTTAGAACCTGATGAAGTTAAACCCCA^ 

SEQ.IDNO:16 

Nucleotide sequence of DNA region (1000 bp ) up-stream from tiie LbpB gene 
from Neisseria meningitidis (serogroup A) 

35 CGGCGTTAGAGTTTAGG G CAGTAAGGSCCCCTCCCCCCTTAGATCTCTAAGTTACG A r rCXGT T A AATAA L T T TT A^ 

CTTTGA bi 1 i i"i iU ACCTAAGGGTGAAASCACC C TT A CT GC TT A AACTCCAACGACAAAAACCAAAAGACAAAAACACTT 
TTATTACCCTAAAATCGAACACCCATAAATGACC'i 1 i 1 1 iUlLll IIjGCGAGGCGGCAGTAAGGGCGCGTCCGCCCTTAG 
ATCTGTAAGTTATGATTCCGTTAAATAGCCTTTACTGACTTTGA Gi i 1 1 i IG ACCTAAGGGCGGACGCGCCCTTACTGCT 
TCACCTTCAATGGGCrrrGA AT TTT G TI CG CTTTGG C T T GC TTGACCrAAGGgTGAAAGCACCCTTACTGCCGCCTCGCC 

40 AAAGItfrGA A AAGGGTTATTTACGGGGGTTGGATTTTAGGCACTAAGGGCGCGTCCGCCCTTAGATCTCTAAGTTATGAW 
CCGTTAAATAGCCTTTACTGACTTTGAGTrrrTTGACCTAAGGGTGAAAGCACCCTTA 
TGA A TTTT G TT C QCrrrGGCTTGCTTGATCTAAGGGTGAAAGCACCCTTACTGCCGTCTCCCC^ 
TrrACGGCGTTAGAGTTTAGGGCAGTAAGGGCGCGTCCGCCCTTAGATCCAGACAGTCACGC C TTT 
GCCAAAGAACTCTAAAACGCAGGACCTAAGGGTGAAAGCACCCTTACTGCCTTACATCCAAGCACC 

45 TCCACGCACCCTTACTGCCCTACGTCCACGCACCCTTACTGCCCTACATCCAAGCACCCTTAC^ 

ACAGACGCCGAGCAGCGGAACAGGACTAAAAACAATTAAGTGATATTTTTGCCCAftCTATAATAGACATGTATAATTATA 
TTACTATTAATAATAATTAGTTT A T CC T CC T I TT CA TCCC 

SEQ.IDN0:17 

50 Nucleotide sequence of DNA region (731 bp ) up-stream from the TbpA gene 
from Neisseria meningitidis (serogroup B) (ATCC13090) 

TATGJUkGTCGAAGTCTGCTGTTCCACCTTCAATTATCTGAATTACGGAATGTTGACGCGC 

AAAAACAGCAAGTCCSCGATGCAGGCAGGAGAAAGCAGTAGTCAAGCTGATGCTAAAACG 

GAACAAGTTGGACAAAGTATGTTCCTCCAAGGCGAGCGCACCGATGAAAAAGAGATTCCA 
55 AACGACCAAAACGTCGTTTATCGGGGGTCTTGGTACGGGCATATTGCCAACGGCACAAGC 

TGGAGCGGCAATGCTTCCGATAAAGAGGGCGGCAACAGGGCGGACTTTACTGTGAATTTC 

GGtACGAA AAAAATTAACGCCACG TTAACCGCT GA C A ACAC GCAGGCG GCAAC ^^ 

ATTGTGGGCGATATTGAGGGCAACGGTTTTTCCGG'i'ACGGCGAAAA C T GC T G ACTCAGGT 

TTTGATCTCGATCAAAGCAATAACACCCGCACGCCTAAGGCATATATCACAAACGCCAAG 
60 GTGCAGGGCG G I i ' TlTA CGGGCCCAAAGCCGAAGA G rf GG GCGGATG GI 1 lUL CTATTCG 

GACGATAAACAAACGAAAAATGCAACAGATGCATCCGGCAATGGAAATTCAGCAAGCAGT 

GCAACTGTCGTATTCGGTGCGAAAC6CCAAAAGCCTGTGCAATAAGCACGGTTGCCGAAC 

AATCAAGAATAAGGCCTCAGACGGCACCGCTCCTTCCGATACCGTCTGAAAGCGAAGAGT 

AGGGAAACACT 

65 

SEQ.IDNO:18 

Nucleotide sequence of DNA region (373 bp) up-stream from tlie OmplA gene 
from Neisseria meningitidis (serogroup B) (ATCC13090) 

CGTACCGCATTCCGCACTOCAGTGAAAAAAGTATTGAAAGCAGTCGAAGCAGGCGATAAAGCTGCCGC^^ 
70 CCAAGAGTCCGTCAAAGTCATCGACCGCATCGCC6ACAAGGGCGTGTTCCATAAAAACAAAGCGGCTCGCCACAAAACCC 
GTTTGTCTCAAAAAGTAAAACCTTGGCTTGATTTTTGCAAAACCTGCAATCCGGTTTO 
TGAAGCCCGACGGtrrCGGGGTTTTCTGTATTGCGGGGACAAAATCCCGAAATGGCGGAAAGGGTGCGGrrr^ 
AATCCGCTATAAAATGCCGTCTGAAAACCAATATGCCGACAATGGGGGTGGAG 



wo 01/09350 



PCT/EPOO/07424 



SEQ.IDN0:19 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Plal gene 
from Neisseria meningitidis (serogroup B) 

GJ\CTAAv\atoiij^jCA)tXXiGCrrCQflCA>^ it»AXJU'i'rUCA 

COG A ' i ' lllTitA TAOGGCXJtfa i rT C L'ro A TGftAAGA O^ 
10 GCCCC AltXtrrA CCCCGGCGCAAGUlTXi GUCX A 

AGCGATATTGGACTG AlU ' IlCLTA AAAAATrAiXXlXj'iUUtA J U^^ 

CCGCraSATTTTGCXCTTTTrTTGCXKn^ 

AGGCTTXXSITATAATGTAAACCCCCTTTAAAAITGCGCGT^^ 

CCAGGAGATTCCAATATgGCAAACAGCGCACAAGCACGCAAACgiT ^ 
15 AAACAACGCGCCCACAATtXTTAGCCTGanACCGCATTt^^ 

20 CGGGGGCAAAATCCCGAAATGU O GGAAAGUj'ltjCGAi'ri'l 1 lATCCGAATCCGCTAlAAA 
AT GLUJm t tf UUMl C CA AT imaCOBACA A l G Ca aMO GAO 

SEQ.IDNO:20 

Nucleotide sequence of DNA region (1000 bp) up-stream from tlie FhaB gene 
25 from Neisseria meningitidis (serogroup B) 

TAC6GAAACTGCAAGCG<aiTCCAGMlGTTACAGCCW;CATTATTCG G T GC CCGTAAAAAAATGG ^ 
ACAATGGACATCGTTACCJlCGAAGCAACCGAAGGCTATTCCGTCAArrACGATTACAACGGCAAACAATATCAGAGCAGC 
CTGGCCGCCGAGCGCATGCTTTGGCCTAACAGACTTCATAAAACTTCAGTCGGIUITGAAATTATGGACACGCCAA^ 
TAAATACATCGACGATGCCGAAATCGAASrGCAACGCCGCCG C TCT GCA GGCTG(»AAGCCGAATTGCCCC A CCC3^^ 
30 ACCTCAACCGTTGGCAGCrrGACGGCAAOTGTCTTACAAACGCGGGACCGGCATGCGCCAAACT 
GAAAACGGCGGCGATATTCTTCCAGGTACATCTCGTATGJ^^ 

TGTC AATC GG C ItfXCS CTACA CCGTTCCCGGATTTGATGGGGAGCAGA G I C I irit, GGACa^ 
• AATACTTTAACTT6GTATTTTCATCC6AACCATCA<mrCTATCTCGGTG^^ 

ATGATCTtrrrrGCCGGCAAGCCGCTTCATAAACCCAAAGGCrrTCAGACGACC^ 

TACAGTTTCTAACCTCTGAATTTTTTACTGATATTTAGACGGTCTTTCCTTATCCTCAGACCGTCAAAC^ 
ACTTGGCGCGCAGTACGTTCATCTTCAAAATGGAATAGAC < 

40 SEQ.IDN0:21 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Lipo02 gene 
from Neisseria meningitidis (serogroup B) 

tCGGTCmZGCTGACGGGCGGACACGGTACGTCAGGTGCGTGGGGACCTAATTTTGAAACGC;^ 

TCAACAAAATGGGCC GCA A ACL^lb '^^^ ^A AAACAAAAAACA C GATCAGS^CGACAACGCGGACGA CG T GTTCG AGCAGC^ 

AAACGCACCCGCCraiTTACGGCGGAATCTGCCGTTGAAA CGC Tf GCCAlbrr f aXGCGrG TTT GGa^ 

TATGGACGGCTTCGAaUUUaU^TATCTGTTCGACCTGCCCAA A TT CG T G TG G T G T C ^ 

ACATCCTCACTGCCGCATTCAAGGTCAATATGTTCGAC C GCGCCATCG A TGTGrit X U a U nCGCri ' lTL 

AACCGTGGTGAT GGi "! i 'T G T A CGCGA C TTTT G TT A CCTATGTCTTTATGGGGCGCGACTATGATGCGGCAGTATTGGCTG 
CCGGCCATTGCGGTTTCG GC TTGGGTG CA ACGCCGACGGCGGTGGCAAATATGCAGTCCGTa^CGCATACri'y Cfl^ 
TCGCMTAAGGCGTO I t A iCbiC GATTTCIVTTAATGCCGCGATTCTCA CCGG IT V 

55 TGATAGCCCCTATCGGTCTGCACC m I lUiA AGGA A CATC 

SEQ.IDNO:22 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Tbp2 gene 
from Neisseria meningitidis (serogroup B) 

60 CCTACTCCACCGATTCCAATATGCTCGGCGCGACCCACGAAGCCAAAGACTTGGAATTm 
GTCAAACCCATTATGGGCGTTGCCTTTTGGGACGAMUUrGTTGAJUTrCAGTC 

AGGCGTGCCGGTTGCACTGAACGGCAAAGAATACGCCGACCCCGTCGAACTCTTCCTCGAAGCCAACCGCATCGGCGGCC 
GCCACGGCTTGGGTATGAGCGACCAAATCGAAAACCGCATCATCGAAGCCAAATCGCGCGGCATCTACGAA^ 
ATGGCGTTGTTCCACATCGCCTACGAACGCTTGGTGACCGGCATCCACAACGAAGACACCATCGAAC^ 
65 CGGCCrGCGCCTCGGCCGTTTGCTCTACCAAGGCCGCTGGTTCGACAGCCAAGCCTTGATGTTG^ 
GCTGGGTCGCauUUX:CGTTACCGGCGAAGTTACCCTCGAACTGCGGCGCGGCAACGACTACTC^ 
TCGCCCAACCTGACCTACCAACCCGAACGCCTGAGTATGGAAAAAGTCGAAGGTGCGGCGmACCCCGm 
CGGACAGCTCACGATGCGCAACCTCGACATCACCGACACCCGCGCCAAACTGGGCATCTACTCGCAAA^ 
CGCTGGGCGMGGCTCGGTATTACCGCAGTTGGGCAATAAGMUITAAGGTTTGCTGTTTTGCATCA 
70 GGTCGTCTGAAAAGAT6ATCCCTTATGTTAAAAG6AATCCTATGAAAGAAT 

ATTTCAGCGCGTTCCTCAACAAACAAACCCCCC6AAG 
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GCT6GCGG6TCGAGACCTTTGCAATAACATAGGTTACTAA 



5 SEQ.IDNO:23 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the PorA gene 
from Neisseria meningitidis (serogroup B) 

GMTGACflATTCATAAGTTTC CCGA A ATTCCA ACA TAACC GAAACCTGACAATAACCGTAGCJUlCT^ 
GCAAAAGCGGGAATCCAGTCCGTTCAGTXTCGCTCATTTCCGATAAATGCCTGTTGCTTT^ 

10 TCGTGGGAATGACGGCGGAAGG Gl I TlGGf TTTl T a^tA TAAATTCTTGAGGCATTGAAATTCCAAATTCCCGCCTGC^ 
GGGAATGACGGCTGCAGATGCCCGACCGTCTTTATAGTGGATTAACAAAAATCAGGACAAGGCGACGAGCTGCAGACAGT 
ACJlGATAGrACGGAACCGATTCACTTAGTGCTTCACTATCTTAGAGAATC Gl ICICI 1 1 ' G AGCTAAGGCGAGGCAACGTC 
GTACTGGTTT'rrGlTCAtCCACTATATATGACACGGAAAACGCCGCCGTCCAAACCATGCCGTCTGAAGAAAACTACACA 
GATACCGCCGCTTATATTACAATCGCCCCCCCGTGGTTCGAAAACCTCCCACACTAAAAAACTAAGGAAACCCTATGTCC 

1 5 CGCAACAACGAAGAGCTGCAAGGTATCTCGCTTTTGGGTAAT^^ 

TTTGGAAGCGTTCGACAACAAACATCCCGACAACGACT A TTT CG TCAAATTCGTCT G CCCAGAGTTCACCAGCCTC^ 
CCATGACCGGGCAGCCCGACTTCGCCACCATCGTCATCCGCTACATTCCGCACATCAAAATGGTGGAAAGCA^ 
AAACTCTACCTCTTCAGCTTCCGCAACCACGGCGATTTTCATGAAGACTGCGTCAACAT^ 
CCTGATGGATCCGAAATACATCGAAGTATTCGGCGAGTTCACACCGCGCGGCGGCATCGCCATTCATCC^^ 

20 ACGGCAAAGCAGGCACCGAGTTTGAAGCATTGGCGCGTAA 

SEQ.IDNO:24 

Nei^eria meningitidis (serogroup B) For A Promoter Re^on 

CATATCGAGGTCTGCGCTTGAATTGT G TTGl'AGAAACACAA CG T 1 1 ' I T GA AAAAATAAGCTATT G TTTT A TATCAAAATA 
25 TAATCATTTTTAAAATAA AGGT TGCGGCATTTATCASAT A T' I lt»l ' TLltjA AAAATG GT14 'TTT (A^jb GGGGGGGGGTATA 
ATTGAAGACGTATa;GGTGrrTGCCC6ArGr 1 TTl AGGTTTTTATCAAATTTACAAAAGGAAGCC^ 

SEQ.IDNO:25 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the PorB gene 
30 from Ndsseria meningitidis (serogroup A) 

gttttctgtttttgagggaatgacgggatgtaggttcgtaagaatgacgggatataggtttccgtgcggatggattcgtc 
attcccgcgcaggcgggaatctagaacgtggaatctaagaaaccgtcttatccgataagtttccgtgcggacaagtttgg 
attcccgcctgcgcgggaatgacgggattttaggtttctaattttggttttctgtttttgagggaatgacgggatgtagg 
ttcgtaggaatgacgggatataggtttccgtgcggatggattcgtcattcccgcgcaggcgggaatctagaccttagaac 
aacagcaatattcaaagattatctgaaagtccgagattctagattcccgcctgagcgggaatgacgaaaagtggcgggaa 
tgacggttagcgttgcctcgccttagctcaaagagaacgattctctaaggtgctgaageaccaagtgaatcggttccgta 
ctatttgtactgtctgcggcttcgtcgccttgtcctgatttttgttaatccactatctcctgccgcaggggcgggttttg 
catccgcccgttccgaaagaaaccgcgtgtgcgttttttgccgtctttataacccccggtttgcaatgccctccaatacc 
ctcccgagtaagtgttgtaaaaatgcaaatcttaaaaaatttaaataaccatatgttataaaacaaaaaatacccataat 
atctctatccgtccttcaaaatgcacatcgaattccacacaaaaacaggcagaagtttgttttttcagacaggaacatct 
atagtttcagacatgtaatcgeegagccccrcggcggtaaatgcaaagctaagcggcttggaaagcccggcctgcctaaa 
tttcttaaccaaaaaaggaatacagcaatgaaaaaatecetgattgccctgactttggcagcccttcctgtcgcagcaat 
ggctgacgttaccctgtacggcaccatcaaaaccggcgta 

45 SEQ.IDNO:26 

Neisseria meningitidis (serogroup B) PorB Promoter Region 

GTTTTCTGTTTTTGAGGGAATGAOMX^TGTAGGTTCGTAAGAAT^^ 
ATTCCCGCGCAGGCGGGAATCTAGAACGTCG^ 

GATTCCCGCCTGCGCGGGAATGACGGGATTTT»GGtrrCTA AX 1 HbUi i 1 It AUIi llTb RGGGAATGACGGGATGTAG 
50 GTTCCTACGAATGACCGGATATAGGTTTCCGTGCGGATGGATTCGTCATTCCCGCGCAGGCGGGAATCC»GACCW 
CAACAGCAATATTCAAAGATrATCTGAAAGTCCGAGATTCTAGATTCrCGCCTGAGCGG^ 
ATGACGGTTAGCGTTGCCTCGCCTTAGCTCAAAGAGAACGATTCTCTAAG G T GC T G AACaCTAAGTGAATC 
ACTATTTGTACTGTCTGCGGCTTCgTCGCCTTGTCCT GA I IUlUflA ATCCACTAT 

55 SEQ,IDNO:27 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the siaABC gene 
from Neisseria meningitidis (serogroup B) 

ATACGGCCAATGGCTTCAGAAAGCGATAA GC CTCT GGC TGAAAAACCG A TTTCI r G T G ' riX .TCCCCACCGCACCCATAGA 
CGTAAAGGTATAGGGATTGGTAATCATGGTAACCACATCACCGCGACGCAGCAAAATArrr^^ 

OO AATCTTCCAAGGCAACAGTTCGTACTAOITTGCCACGTGTCAGCTGCACATTCGTATCCTGCAC^ 

CCTACCGCAGCCACCGCATCCAACACACGCTCACCGGCTGCCCTCAGCGGCATACGCACACTATTCCCAGCACGAATCAC 

CGACACATTCGCCGCATTATTCTGCACCAAACGCACCATCACTTGTCGCTGATTGGCCATTTTTTTCAGa 

TAATTTCCTGAACCTGACCAGGCGTTTTACCGACCACCGAAATATCGCCAACAAACGGCACA<^^ 

^_ GTGACaUUrrGCTCTGGCAACTTAGTTTGATGCGCACTACCCGAGCCCA^^ 

65 CGGCGGCGCTTCCCAAATCATAATATCCAATACATCACCAATATTTAGCGTACCAGCCGAAGCATAACCATCG^ 
GJCTGAATGACTGATm 

ArrrGAACTTCAGATtGTTGCCCTAAAGAGACAAT TTTTTrTGCGCTGGGGCCTGATGAAGGAATCGCAGAGCATCCTAC 
AATTAAACTTCCACACAATAATAATACTGCGTGACGAATATAAAATTTCACTTTAAACACAAGCCAAATCCTAAT^^ 
TATAAATCGCCTAATTATAGCACTTAATCGAAATAAATTTATGACTACGTASAgTATAATTAGTATTCTICll ICCAACT 
70 TCCTTATACTTATATATATATACTTATAGATTCTAAAATC 

SEQ.IDNO:28 



35 



40 



10 
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Nudeotide sequence of DNA region (1000 bp ) up-stream from the Igt gene from 
Neisseria meningitidis (serogroup B) 

GCCAAAGCATTGGGCCXGGATGCCCCCGCTGCCGAACGCGCCCXGCGTCTTGCCAAAGCCGACr^ 
CGGCGAGTTCCCCGAACTGCAA(X X:aCG ATGGGCAAATACTATGCCTGTTTGGACGGCG^ 
CCGTCGACCAGCACTATCAGCCGCGTTTTGCCGGCGAOUUXrrGCCCGAAAGCAAAATTCCCGCCGCCGTGG^ 
GACAAACTAGAAACCTTGGTCGGCATTTGGGGCATCGGTCT^ 

AACGATTATCCGCAAGACATCGTTGCCCXrCGTACTCGCCAAACAGCCGCGCaSTTTGGACGATT^ 
GGCCGTTGCCGCGTTCAAACAACTGCCCGAAGCCGCCCCGCTCOrCGCCGCCAACAAACGCGTGCAAAACCTOT 
AAGCCGATGCCGAGTTGGGCGCGGTTAACGAAAGCCTGTTGCAACAGGACGAAGAAAAA(XCCTCrTTGCCGCCGCGCA^ 
GGCrrGCAGCCGAAAATCGCCGCCGCCGTCGCCGAAGGCAATTTCauUVCCGCCTTCTCCGAAC^^ 
GCAA6TCGATGCATTCTTTGACGGCGTGATGGTAATGGCGGAAGATGCCGCCGTAAAACAAAACCGCCTGAACCTGCTGA 
ACCGCrrCGCAGAGCAAATGAACGCGGTAGCCGACATCGCGCTTTTGGGCG^ 
15 TGAAGCCTTCAGACG6CATCGTGCCTATCGGGAGAATAAA 

SEQ.IDNO:29 

Nucleotide sequence of DNA region (1000 bp) up-stream from the TbpB gene 
from Neisseria meningitidis (strain MCS8) 

20 GAACGAACCGGATTCCCACTTT CG T G GGAATGACGAATTTCAGGTTACT G I I X i iU»rTTltf G TTTT TG ' fU AAAATAAT 
GG6ATTTCAGCTTGTGGGTATTTACCGGAAAAAACAGAAACCGCTCCGCCGTCATTCCCGCGCAGGCGGGAATCTAGGTC 
TGTCGGTGCGGAAACTTATCGGATAAAACGGTTTCTTGAG A IITT I' CUfCC 'f G GATTCCCACTTTCGTGGGAATGACGCG 
AACAGAAACCGCTCCGCCGTCATTCCCGCGCAGGCGGGAATCTAGACATTCAATGCTAAGGCAATTTATCGGGAATGACT 
GAAACTCAAAAAACTGGATTCCCACTTTCGTGGGAATGACGTGGTGCAGGTTTCCGTATGG^ 

25 GCAGGCGGGAATCTA6ACCTTCAATACTAAGGCAATTTATCGGAAATGACTGAAACTCGAAAAACTGGA 



30 



45 



ATGACGAAGTGGAAGTTACCCGAAACTTAAAACAAGCCAAACCCAACGAACTGGATTCOCACTTTCGTgGGAATGACGGA 

ATGTAGGTTCGTGGG3UlTGACGCCGGAGCGGl'Tlt.'iU,l'm'TCCAATAAATGACCCCM 

GC GCAGG CGGGAATCTAGGTCTGTCGGTGCG GAAA CTTATCGGGTAAAAC GG 1 1 i ' Li iU AGATTTTGCGTCCTGGATTCC 

ACTGCGCGGG A ATGaC GGGATTT TGCTGTATTCCCTAAAAAAATAAAAAAGTATTTGCAAATTTOT 
ATAATAATCCTTATCATTCTTTAATT6AATTGGATTTATT 



SEQ.IDNO:30 

35 Nucleotide sequence of DNA region (1000 bp ) up-stream from the opc gene from 
Neisseria meningitidis (serogroup A) 

GCAACCGTCCGCTGTCGGAAACGCAAACCAAACGCAACCGGTATTTGTCGAAGACCCGTTATAG^ 

40 ACTATATGrOSICGAACAGAGCTTCGGTACGCTGCACCCTAAATTCCGCTATGCGCGGGCAGCCTATTTC^ 
AAGTGAGTGCGOUUIGCCATCTGAAGGCGATGTGTTTGAACCTGTTGAAAGCCGCCAACAAGCTAAGTGCG^ 
GCCTAAAAGGACACCGGATGCCTGAT TATC GGGTATCCGGGGAGGGTTAAGGGGGTATTTGGGTAAAATTAGGAGGTATT 
TGGGGCGAAAATAGACGAAAACCTGTGT ll'OOUTrfUXXTOrCGGGAGGGAAAGGAATTTrGCAAAGATCTCATCCTGT 
TATTTTCACAAAAACAGAAAACCAAAAACAGCAACCTGAAATTCGTOIT TCCCGCG CAGGCGGGAATCCAGAC^ 

CAGTTGCTCCCGATAAATGCXGCCATCTCAAGTCTCGTCATTCCCTTAAAACAGAAAACCGAAATO 
TCGTCATTCCCATAAAAAACAGAAAACCAAGTGAGAATAACAAITCGl IGf AAACAAATAACTATTTGTTAATTTTTATT 
AATATATGTAAAATCCCCCCCCCCCrcCCCCGAAAGCTTAAGAATATAATTCTAAGCGTAACGATTAm 
ACCATATCCGACTACAATCCAAATTTTGGAG A TTT I ' A ACT 

50 

SEQ.IDN0:31 

Nudeotide sequence of DNA region (1000 bp ) up-stream from the siaD gene 
from Neisseria meningitidis (serogroup B) 

ATAATGCAGGCGCrGAAGTTGTTAAACATCAAACACACATCGTTGAAGACGAAATGTCT^ 

55 CCAGGCAATGCAGATGTCTCTATTTATGAAATTATGGAACGTTGCGCCCT 

ATACGTAGAGAGTAAGGGTATGATTTTTATCAGTA C I CC i ' T ' lC r C T CG T G CAG C T GCTrrA CGATTACAACGTATGGATA 
TrCCAGCATATAAAATCGGCTCTGGCCAATGTAATAACTACCCATTAATTAAACTGGTG GCC ICi If T GGTAAGCCTATT 
ATTCTCTCTACCG6CAtGAATTCTA1TGAAAGCATCAAAAAG1X:66TAGAAArrATTCG^ 

^ TTTGCTTCACTGTACCAACATCTACCCAACCCCTTACGAAGATGTTCGATTGGGT^ 

60 T TCCA GACGCAATCATTGGCCTGTCTGACCATACCTTAGATAACTATGCTTGCTTAGg 
ATTTTAGAGCOTCACTTTACTGACXXXIATGGATCGCCCAGGTCCGGATATTGTAT^^ 
AGAGCTCAAGCAAGGCGCTCATGCrTTAAAATTGGCACGCGGCGGCAAAAAAGACACGATTATCGCGGGAGAAAAG 
CTAAAGATTTCGCCTTTGCATCTGTCGTAGCAGATAAAGACATTAAAAAAGGAGAACTGTTGTCCGGA^ 
GTTAAACGCCCACGCAATGGAGACTTCACCGTCAACGAATATGAAACATTATTTGGTAAGGTCGCTGCTTGCAATATTC 

65 CAAAGGTGCTCAAATC A AAAAAAC T GATATTCAATAATGCTTATTAACTTAGTTACTTTATTAACAGAGGATTa 
ACATATAGCTAATTCTCATTAATTTTTAAGAGATACAATA 

SEQ.IDNO:32 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the ctrA gene 
70 from Neisseria meningitidis (serogroup B) 

ATACCTGCACTTGAGTTGCCGACCATAAATTTAGCATGTTTCAATAAGACTAAAAAATATTCAAATCGAA 

Ik 



wo 01/09350 



PCT/EPOO/07424 



TGCAATAAATTTATCAGATTGATATTTTAATAATTCTTGCAGAATACTTTCAGTG^^ 
TAATGATATTTTGQCCACrrAATTCTAATGCTTTGAAATATTGGGCCGCATATTGTGGCACT 
ACGGGGTGAAAC^TACAAATACCATAATTTTCCTATGGTAAACCCTAATATTCTTTGACTTCTra 
GGAAGAGGCCATAACATCTAAATCGGGGGAGCCGATGATGTGAATATGC l I ICI 11 1 1"1 'CTCCCATTTGCACTAGGCGAG 

5 tgacagcttgttoltttgctaccaagtggatatgagajulgrrracraatagaatgacgaatg^ 
gatagttcaccaccttcgatatggcaaactaaacggct(CTtaatgcjm:ctacagctk 
gtcgccgtgaatcatgaccatatcaggttcaatttcatcagatagacgagagataaacgtaatggtam 

CACCCATTGGTTCACCTTGGATTTGATTTGAAAAC^ 

CT(XCATATGTTTTCATCATATGCATACCAGTTACAATCAAATGCAATTCAACCmTGGGTCAT^^ 
ID TAAAGGTTTTAGCTTCXCGAAGTCGGCTCTGGTACCTGTAATGCAAAGA Al f Cm iCA TGATTTTAGAATCTATAAGTA 
TATATATATAAGTATAACGAAGTPGCAAAGAA(au^TACTAATTATACTCTACGTACTCATAAATTTAmCGATTAACT^ 
CTATAATTAGGCCATTTATAATTATATTAGGATTTGGCTT 

SEQ.IDNO:33 

15 Nucleotide sequence of DNA region (1000 bp ) up-stream from the IgtF gene 
from Neisseria meningitidis (serogroup A) 

TCTTTTTCGGACTiauUVGGACGCATCATCCCGACATCGAGCGCGTGTTCGTCCGGCAGCCAAGGC^ 

GAAGCCA TCAA ATACG(ffCTGACCGATATCATGCTGGCGGGCGGAGGCGAAGAATTTTrcCCGTCCGA^ 

C6ACTCGCTTTATGCCGCCAGCC6CCGCAACGGCGAACCGGAAAAAACCCCGCGCCCATACGACGCGAACCGCGACGGGC 

20 TGGTCATCGGCGAAGGCGCGGGGAT T I I C &TbC rOaUUaUlTTGGAACACGCCAAACGGCGCGGTGCGArAATTTACGCC 
GAAC TCCTCGGCTACGGAGCCAACAGCGATGCCTACCATATTTCCACGCCCCGCCCCGAC<XGCAAGGCGCAATCCTTGC 
CTTTCAGACGGCATTGCAACACGCAGACCTTGCGCCCGAAGACATCGGCTGGATTAATCT^^ 
ACAACGACAGTATGGAAAGCCGCGCCGTTGCAGCGGTTTTCGGCAACMTACGCCCrGCAC^ 
G6ACACACGCTGGGCGCGGCGGGCGCAATCGAAGCCGC6TTCGCGTGGGGCATTGCTGACCGGAAAAGCAATCCCGA 

25 GAAACTTCCGCCCCAGCTTTGGGACGGGCAGAACGATCCCGACCTTCCCGCCATCAACCTGACCGGCA^ 

GGGAAACCGAAAAACGCATTGCCGCCAG C f C GICGI I f G CXITCGGftGGAAGCAACTGCGTTTTACTCATCGGATGAAAT 
AAGTTTGTCAATCCCACC6CTATGCTATACAATACGCGCCTACTCTTGATGGGTCTGTAGCTCAGGGGTTAG 
ACTOITAATCCCTTGGTCGTGGGTTCGAGCCCXACCGGACCCACCAATTCCCAAGCCCGGACGTATGTTT^^ 
GCCGCCCTGTGAAACCAAAATGCTTTGAGAAACCTTGATA 

30 

SEQ.IDNO:34 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the IgtB gene 
from Neisseria meningitidis (serogroup B) 

TAGAAAAATATTTCGCCCAATCATTACCCGCCGTCGTGAATCACACTTGGCGCAACT^^ 
35 GGCTCGACAGACGGTACGCTTGCCATTGCCAAGGATTTTCAAAAGCGGGACAGCCGTATCAAAATCCT^^ 

AAATTCCGGCCTGATTCCCTCTTTAAACATCGGGCTGGACGAATTGGCAAAGTCAGGAATCGGGGAATATATT^^ 
CCGATGCCGACGATATTGCCGCCCCCGACTGGATTGAGAAAATCGirGGGCGAGATGGAAAAAGACCGCAGC^ 
ATGGGCGCGTGGCTGGAA G TTTr G T C GGAAGAAAAGGACGCCAACCGGCT GG C GC GGCATCACAGGCACGGCAAAATTTG 
GAAAAAGCCGACCC^GCACGAAGATATTGCCGACTTTTTCCCTTTCGGCAACCCCATACACAACAAC^^ 
40 GGCGCAGCGICATTGACGGCGGTTTGCGTTACAACACCGACCGGGATTGGGCGGAAGATTACCAAT^ 
AGCAAATTGGGCAGGCTGGCTTATTATCCCGAAGCCTTGGTCAAATACCGCCtTCACGC^ 
CAGCATCCGCCAACACGAAATCGCGCAAGGCATCCAAAAAACCGCCAGAAACGATTTTTTG^ 
CCCGGTTCGACAGCCTTGAATACCGCCAAATAAAAGCAGTAOCGTATGAATTGCTGGAGAAACATTTGCCGGAAGAAGAT 
TTTGAACGCGCCCGCCGGTTTTTGTACCAATGCTTCAAACGGACGCACACGCTGCCCGCCGGCG^ 
45 GGCAGACGGCAGGATGCGGCGGCTGTTTACCTTGAGGCAATACTTCGGCATTTTGCACCGATTGCTGAAAAACGG^ 
AAACGCCGCTTTATCCAACAGACAAAAAACAG6ATAAATT 

SEQ,IDNO:35 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the 1st gene from 
50 Neisseria meningitidis (serogroup B) 

GCGCACGGCTTTTTCTTCATCMGTrrGAGGGTCGGCAGGATAATCGGGGACGCCAAAGCCTTT 
TCGCGGCGGTCAGTTGAGGTACGGATGCGCTGAT GTTC GQCAGTTTGATTA 

GGAAATGTCGGCAGTTTTGACATCAATATCGGCGTGGCGGGCAAAC^^^^AATTOG^^ 
55 GCGCG CGGG CTT CG TCGGTATGGGTATAAACAATGGTGGATTTTTGAGTCATAG GA TT A TTC'r^^^ i 1 1 1 

TCTTTTGGAACACATTGCGCGGGGAATGTGCGCGGCTATTATGGa^TATTTTGGC XGC TTTGrT C U^ 
TTGGC G T G Tl'I G AACGCGGCAGCGTGAAAGGAAGGGGGAAATG G rTrr a,aXU TTT U»C GGCGGTGTCGG^ 
GCCTGATGTGCG GCGG CATATTTTC GGTGA AATTGATTTTATA G T GG T'l' 1 A AATTTAAACCAGTACAGCGTTGCCTCGCC 

60 TCGGAATATCTGCTAAAATTCCGCATTTTTCCGCCTCGCGACACTCGGGGOTATGTW 
AGGGAT 

SEQ.IDNO:36 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the msbB gene 
65 from Neisseria meningitidis (serogroup B) 

GCCCGACGGCGAACAGACACGTCGTGAAATCAACCGCTTGGACAGTACGGCGGCGCAATACGACATGCTTGCAG^ 
TTGAAAGACTTGCCGGAAAAACCGACCGTTGGGCGTGCXCCTACCGCCAAAATGCCGTCTGAA^ 
GAAAGCGCGATTATGCCCCATACCCTTCCCGATATTTCCCAATGTATCAGACAAAATTTGGAACAAT 
GAACGGTACCGAACCTTGCGGCGTGTAC6ATATGGTCTTGCATCACGTGGAAAAACCGCTGCTGGTGTGCGTGATGGAAC 
AATCCCGCGGCAACCAGTCCAAAGCCTCCGTCATGTTG 
GGTTTGCTGTGAATATGTCGGCAACCGTCCGTATCTTGGGTATTGArcCGa 

GATGTCAGCGGGCGCGATCATTTTTACGTCGCCTCCGGCTGCATCAAAACGCCTGCCGATGCGCCTC^^ 
TGCCGT6ATTGTGCGGCATATCGGCGAACTCGTTACCGTTTACAAGCCTCAACAGGCGGCAGTGGAW 
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ACCTCAATCCGGCATCGACGCTGATGCTCGGTXyUXXrrAGGCX^GCGGC^ 
GTTTCGGAATACACGGCCTTGCAGGTCAAACAGGCGGTACrrCGGCAAGGGCAAGGCGGCAAA 
GGTGGTGCAGATGCTGGGGCTTTCGGGAACGCCGCAGGANTGGCGGCGGAC6GTCTT6CC6TCGCG 
ACGCAACCACGGGCTTGCCGCCAAACrCAATCCTTCGGGGATGCAGGTCAAGCGCGGC^^ 
5 CATTTGTATTTTGCCGTCTGAAAAGAAAATGTGTATCGAG 

SEQ.IDNO:37 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the htrB gene 
from Neisseria meningitidis (serogroup B) 

10 CCGCCAAGCGTTTCCCC C TTT G T C GGGCTTAACATTTGCTTTGTACGGCAGA C TTT T TCCCTTCATAACGCC^ 
CAAAAGACGATGGTAGGCGCGACGTAATTCTCAACCCTTAAGGTACGGTTGGACGAAAA GT T TTC CTTTTC^ 
CCCAACTTTTCGGCTACACCGAGTGGTCTCGTTAGGTTTGGGCGAACTACGCCCTTAAAAAAACO 
CCCGTCTCTAAGGTTTCACGGTAACnTTACCCTTATAAAGAGTTGACTTACaVTACTTATCCCTTTAAAAC 
GGCGACAGCTGTAATACAAGTATGTTGTACGGCAGACTTCTTCTACCAAACAAAAA Gi ICCi ' 1 A 1 AGAGTTACTCGCTTA 

15 TAGACAAATGAAGGCTTAGCCATAGGCTTCCGGTAGGCCTATTTC^ACGGCTGGTTCACAG 
TAGAACCGCGTTCTGGGGTTTCGCGCACAGCGGCGTCTTTGGAACaiGTTGTGTCCGAAC^ 
ATGGTGGTGGCGGGTTCACCTGATGTAGTTTCAGCGTGC GC TrT G GTAGTTTGCGTAGCCGATGTTGA 
CGAAACTACWirf G CCGACGCGCCAGCCGCACATGftTGCTG G T CG TT A GAGGCCTCTAGCGGGTTCCGCA C TT G^ 
CTTCCGTAACTGAACTTGGTTCCGCGACCGCTGGrrCCAAACTACAAGCCGATACGGaU^^ 

20 CGGCAAACGGTAGATAATGTCGGTGGCGGACTACGTCGCA G T t T C GCTTAATG CG I T I Cl U CCGGAGGACGGAACCGftCG 
CAGGGCTGC G n TTCGGGTTGACrGGCACCAAATGCTATCGCTTAGGCC(OTTC AlJ rGC GTAACTATGCCAGCAGGAG 
AGATACGrrGTGCTGGGCCTTTAGCCAATACTTCTCAACT 

SEQ.IDNO:38 

25 Nucleotide sequence of DNA region (1000 bp ) up-stream from the MltA gene 
from Neisseria meningitidis (serogroup B) 

CACAAAAACCAACrXATGACOGGAATAAOCSTACAGCAGCCAAACCAAGGCCTO^ 

TGCAAAT AITrXXA TCAgrCGAACACA A l G TCCI<^^ 

Glt:tJUlCGGAAAAAClUXAjCtJyGaiTTCAGGCXSCATCCCACCC^ 

luri AW UlTAaXXaUkSCAGGAAAAAAACGCTCTCCAAALCllC U OGCG 
AACGCCAlJlC0aUX3UUSGCCCA' nx:nt^ ^ H 'CAAAGCCGCCTGCACA 

GTCmAlCOOOACAOCAA C CAAACOBATAAaGCCQACG A CCAACT ^^ 

<Mgu i ivit xxx: txf nuxxa uiTCi aA rfcc^^ 




ATAAITAAAAAA 

40 G0GACCAfiCATAAAa»QAA0GaU^CA A OG A IGATGAATAATA!lAT^^ 
CAAAOCAl'CiTi'L'l ilATTAClULXtaUCAACAl'i'UlXXArT 

45 SEQ.IDNO:39 

Nndeotide sequence of DNA region (1000 bp ) up-stream from tiie ompCD gene 
from Moraxetta catarrhalis 

GCTGATTTGT<»GCAAGCGGGCGCATCAGGGATTACCTTGCATTTGCGAGAAGATC^ 

ACATATTCAAGATGAAGATGtTTATGAATTGATTGGGCAATTGACAACACGCATG^ 
50 TGAGATGGCAGTCACT6ATGAGATGCTAAATATTGCCCT A AAGGTACGACCAGCATGGGT 

6TGTTTAGTACCAGAAAAACGCCAAGACCTGACTACAGAAGGTGG GC TT GA TATCGCCAA 

TTTATCAAATATTCAA6CATTTATACACA6TCTTCAGCAGGCGGATATTAAGGTTTCTTT 

ATTCATaaTCCAGATCCCCATCAAATTGATGCTGCA A TT GC TTT GG GTGCTGATGCGAT 

TGAGCTGCAT A CGGG A GCTTATGCTCAAGCGftCTTTACAAAATAATCAAAA fiC TT G r n^ 
55 TAAAGAGCTTGACCGtATrCAAAAAGCCGTTGCAATGGCACAAAAAAAATCATCATTATT 

GATrAATGCAGGTCATGGTTTGACGCGTGATAATGTTGCAGCGATTGCXCAAATT^ 

TATTCATGAGCTGAATATCGGGOVTGCATTGATTTCAGATGCGATATTTATGGGGC^^ 

TAATGCAGTCAAGGCAATGAAAATGGCTTTTATTCAAGATAAAACGACXAATCATTGATC 

CGTTAGAAAGAAAATCCrrAAATAATGATGACTATTGTGTAATATTATGTATTTTTGTTCA 
60 AAAAAAGGTTGTAAAAAAATTCATTTACCATTAAGCTAAGCCCACAAGCCACAATGAATA 

CCTATTGGTTTGACTCATTAGTCACTAAGAATCTGCAAAATTTTGTAACAGATTATTGGC 

AGSTCTTGGATCGCTATGCTAAAATAGGTGCGCa^AATCTTGAAAAACCAACCATTCCTTG 

G AGCAA TTTATGA AAAA GGGATATI ^MfSCTCTTC CGGTai^^ 

AGT'l'CgLAGCTCCAGT rGCTGCTCAAGCTGGTCTG A CAiGTC 

65 

SEQ.IDNO:40 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the copB gene 
from Moraxella catarrhalis 

GATGCTGTTAAAGTGGGTArrGGTCCTGGTTCTATTTGTACAACCCGT A TT G T TGC AGGC 
70 ATTGGCGTCCCGCAGATAAGTGCCATTGATAGTGTGGCAAGTGCGTTAAAAGATCGCATT 
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CCTTTGjVTTGCCGATGGCGGTATTC GTT TI rCX KKTGATATCGCCAAAGCCATCGCAGCA 

GGCGCTTCATGTATTATGGTGGGTAG CT T G TT G GCAGGTACCGAAGAAGCACCTGGTGAG 

GTtXaUkTTATTCCAAGGTCGTTATTATW^GGCrrATCGTCOTATGGGCAGCTTGGGGGCA 

ATGTCTGGTCAAAATGGCTCATCGGATCGTT A ' rrrTL AAGATGCCAAAGATG O T G T^^ 

AAACTGGTTCCAGAGGGTATCGAAGGCCGTGTTCCrrATAAAGGCCCTGTGGCAGGCATC 

ATCGGTCAATTGGCAGGTGGTCTAAGATCATCC A T W TTATACAGGTTCXCAGAC^ 

GAACAGATGCGTAAGAATACCAGCTTTCTCAAAGTGACTTCCGCAGGCATGAAGGAATCG 

CATGTACACGATGTACAGATTACCAAAGAAGCACCXAATTATCGCCAAAATTAACTCTAT 

TAATAGCAAATACAAGCACTCATTAGATAGGGTGG G T GC TTtTTAGAGCATAAAAAATAA 

ACTGACACATGACTTATTGTCATA TT ' fTl ' A AAAT GC TTT X AATTTAGATTTTTAATTTAG 

ATAATGGCTAAAAATAACAGAATATTAATTTAAAGTTTTCAAAATCAAGCGATTAGATGA 

AATTATGAAAA TAAATAACAA TAATTCTGATTT ATTTC AA CCAAT A ATAT^ 

TTACAAGAAAAATTTTTTTTGATAAAATTCTTACTTGTACCTTGCTATTTTTTCTTATTT 

ATC A TTTTTGGCGGTATTTTCGTTGATTTTAGTAAGTAGATGAGCAAGGGATAATTTGAC 

AAAAACAAATTTGATTTCAAGCCTCATAATCGGAGTTATT 

SEQ.IDNO:41 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the D15 gene 
from Moraxdla caiarrkalb 

AAAACTGGTGATGTCTTCACTGCTATTCATGGTGAACCAATCAATGATTGGCTAAGT^^ 
ACCAAGATTATTCAGGCAAATCCAGAAACCATGCTTGATGTGACAGTCATGCGTCAAGGT 

CAACTGGGTATTCGCCCCCAGATTGATATCGATA CGC TCATTCCTGAT6AATATCGTATG 

ACGATTCAATATGATGTCGGTGAGGCATTTACTCAAGCCATCCGACGAACTTATGATTTA 

TCAATAATGACCTTAGATGCGATGGG TAAGATG ATTACA GGATTCai T TGGCATTCa^^ 

CTATCAGGTCCCATTGCCATTGCCGATGTTTCTAAGACCAGTTTTGAGTTGGGATTTCAA 

GAA6TGTTATCGACAGCCGCAATCATCAGTTTAAGCTTGGCAGTACTGAATCTTTTACCC 

ATTCCAGTGTTAGATGGCGGGCAT t I GGX ATTTTATACTTATGAATGGATTATGGGCAAA 

TCTATGAATGAAGCGGTGCAGATGGCAGCATTTAAAGCGGGTGCGTTArrGCTTTTTTGT 

TTCATGTTACTTGCAATCAGTAACGATATCATGCC Al X 1 i 1 IftGCIA A GllCl GATTTAT 

CGTArrftTTAACAAAAi r ' l ' f I ' ljbL IT f ' l 'TTRftl Gr T G AAATA C TT GrC AAATTTAA L ' rn"r 

TGGCTTACCTTTACACAATATAAATTTGGGTGTAGAAAATTTTGGATACATTrrTATACC 

TT AT 1 1 r T A GAAATTTTAAAAATTAA bl ' lTG GATACaCTTATGCGTAATTCATATTTTAA 

AGGTTTTCAGGTCAGTGCAATGACAATGGCTGTCATGATGGTAATGTCAACTCATGCACA 

AGCGGCGGATTTTATGGCAAATGACATTGCCATCACAGGACTACAGC(»tfnGACCATTGA 



SEQ.IDNO:42 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the omplA gene 
from Moraxdla eatarrhalis 

ACTTGGCGAAAATACCATTTATATCGATTGTGATGTTATACAGGCAGATGGCGGTACACG 
CACAGCCAGTATCAGTGGTGCTGC GGTGQCAC T TATTGA IGC I 1 1 A GAACACTTG CAGCG 

TAATCAAGGCCGTGTATTGCTTGATTTGGATTATGCTGAAGATTCAACTTGT 

TTTAAATGTGGTCATG ACgCA GGCAG GT UUj i i lA TTGAGATTC AAGG CACAC CAGAAGA 

AAAG C CATTTACTCGTGCTGAAGCTAATGCGATGCTTGATTTGGCAGAGCTGGGAATTGG 

OCAGATTATCGAAfiCCCAAAAGCAAGTATTAGGCTGGTGATATGCnATCGTTGAAGATA 

ATGGCGTGATCATCACATT AAATGGAa UkGTAA AAGACCC AT T A TT TTGG TGGTCGA 

TATTGCTGCTGCTGGG'1'G'rCTTGGTGGCAATCATT'rG'rri'GATTGCACCLGT T T I T T ATG 

CAATCGGTGCGTTGGCTTT Ai '' n ' 0U V U T'l \»i ' GUrA ' n ' f01Gi '' lTA AT^ 

AACCCAAAACTfGTCATAT OTI iiC ACAAG GTCU.1 IG AAGATTACGTCCAAAC UC T TYG 

AGATTCATA ACAAATC ACTAACCTTATCAGCAT CGGCAA CA ATATCTG CTAAAG ATAACA 

AAATGACAA I HilTGATCGGSGCATTGAATATCAI IT lACAGGX't I'TtaCTGATGACCGTG 

AAATrAATATASCCAAACAG UTAHn ' TGG GAAASTCAATC A AA ACCA ATGCGCTGGCGG 

TAACA TTGGCTAAGTAGTT G rrGTGATACAGA CA GG TT GGA I GG r C I X T A ACTCCACCC A 

CCTAACTTTTTCTTTGTTTGGATTTAAGAGTATGTTATGATGGGCAGGATTTTATTTTAA 

GTCATCATTTAATGCAATCAGTTGTCCAGAGTAGCCGTrC 



SEQ.IDNO:43 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the hly3 gene 
from Moraxdla eatarrhalis 

GTGATCGGCAACACCCCACCATTCAGGAfiCAACCAAAATTGCCCGTGCCTTGCCTGTCTT 
GGTGGTATCATTTGGCAGgGCAAT G T GG CT A AGTAGT GG TGTGCCATCAGGTGCGGTGGT 
GGTGAGTGTACG A TT CG TTATTGT C ATAAAATTAI CC TTTT GGG TT GG ATGATATCAATG 
AAATACCCTACG G TT G TATGGAATTTTATCCATTGTACCACGGTATTG GTCTTTI TAAAT 
TAACAACCAG C TTCi' A GCAACTCAAA G TTTTT A TGCCT Al 11 1 XTtA GATTTTAAGGTAC 
AATAAAGCCAATTGTTAATAATATG6TATTGTCAT6ATTTATGATGAATTGCGACCAAAA 
TTTTGGGAAAATT A T CC CTT A GATGCGTTAACAC A TG C T GA ATGGGAAGCATTATGTGAC 
GGATCTGGCGCGT G ' f i ' G ' m 'GGTGAA AI i ' lCl iG ATGATGACAATGTTAAATTGACCGAA 
TATACCGATGTTGCCTGCCAGCTATTGGATTGCTCAACAGGATTTTGCCAAAACTAT6CC 
AAGCGTCAAACGATTGTGCCAGATTGTATTCGCTTAACACCTGATATGCTGCCTGATATG 
CT6TGGTTGCCACGCCATTGTGCTTATAAGCGGTTGTATCTTGGGCAAAATCTGCCAGCA 
TGGCACAGGCTCATTAAACATAGCCAAAACCATGGTGCAGGATTTGCGAAAGTTTCAACT 
GCTGGGCGATGTGTGAGTGAGCTTGGTATGAGTGATGAAGACATAGAAAGGCGAGTGGTG 
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AAATGG(nTAAACCTTGACATGATTGTTGACATGATTGAaVGAa«TAAAAATT^^ 
TTTGATAAAATTGGTGTATGTGTGTGATTTTATO^AAAGCACrrGAATAAAACC^ 
TACGCTAAATTGTAGCAAACCAATCAATTCATCATAATTTTAATGAACACGAGGTTAAAT 
TATACTGTCTATGTCTGATGACAATTCAAGCACTTGGTCG 

5 

SEQ.IDNO:44 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the IbpA gene 
from MoraxeUa caiarrhalis 

TAACAAAG(KJUU:CCAACACGCAfiTTATTTTGTGCAAGGC66T(»AGCGGATGTCAGTAC 
10 TCAGCTGCCCAGTGCAGGTAAATTCACCTATAATGGTCTTTGGGCAGGCTACCTGACCCA 

gaaaaaagacaaaggttatagcaaagatc;aggataccatcaagcaaaaaggtcttaaaga 

TTATATATTGACCAAAGACTTTATCCCACAAGATGACGATGACGATGACGATGACGATAG 

TTTGACCGCATCTGATGATTCACAAGATGATAATACACATtKK:GATGATGATTTGATO 

ATCTGATGATTCACAAGATGATGACGCAGATGGCGATGACGATTCAGATGATTTGC3GTGA 

15 TGGTGCAGATGAT6ACGCCGCAGGCAAACTGTATCATGCAGGTAATATTC0CCCTGAATT 
TGAAAACAAATACTTGCCCATTAATGAGCCTACTCATGAAAAAACCTTTGCCCTA6ATGG 
TAAAAATAAGGCTAAGTTTGATtrPAAACTTTGACACCAACAGCCTAACTGGTAAATTAAA 
CGATGAGAGAGGTGATATCGTCrrTGATATCAAAAATGGCAAAATTGATGGCACAGGATT 
TACCGCCAAAGCCGATGTGCCAAACTATCGTGAAGAAGTGGGTAACAACCAAG6TGGCGG 

20 TTTCTTATACAACATCAAAGATATTGATGTTAAGGGGCAATTTTTTGGCACAAATGGCGA 
AGAGTTG6CAGGACGGTTACATCATGACAAAGGCGAT(»K:ATCACTGACACCGCCGAAAA 
AGCAGGGGCTGTCTTTGGGGCTGTTAAAGATAAATAAAGCCCCCCTCATCATCGTTTAGT 
CGCTTGACCGACAG TTGAT GJtfGCCCTTGGCAATGTCTTAAAACAGCACr ^ ^ 

25 ACATC6CCATAAAATAGAAAATAAAGTTTAGGATTTTTTT 



SEQ.IDNO:45 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the IbpB gene 
from MoraxeUa caiarrhalis 

30 CAGCTTGTACCATTTG G T G AATATATACCATrTG GTGG ' rrrG TTGSATATTTTACCAGG^ 
CTTGAGGGTGTCGCTAGCCTAAGCCGTGGCGATGATAAGCAACCACCGCTCAAATTGGGC 
GGCGGCGTGG(XaaiTACGATTGGTGCGGCAATTTGTTATGAGGTGGCATATCCrGAGACG 
ACGCGTAAAAATGCACTTGGCAGTAATTTTTTATTAACCGTCTCAAACGATGCTTGGTTT 
GCTAOUUaiGCAGGTCCTTTGCAGCAlTTACAAATGGTGCAAATGCGAAGCT^^ 

35 GGGCGATGGTTTGTGCGTGCAACAAACAACGGA6TGACTGCATTAATTGACCATCAAGGA 
C66ATTATCAA6CAGATACCGCA6TTTCAGCGAGATATTTTGCGAGGTGATGTACCCAGT 
TAT(nTG6ACACACGCCTtATATGGTTTGGGGGCATTATCCCATOTTGGGGTTTTCTTTG 
GTGCTGATTTTTCTTAGTATCATGGCAAAGAAAATGAAAAATACCACCGCCAAACGAGAA 
AAATTTTATACCGCTGATGGTGTGGTAGACCGCTGAATTGTGCCACTTTGGGCGTTAGAG 

40 CATGAGCAAGATTACGCGTTGGGTGAGCTTTGGTTGTATTACrrCATCAGCCTACCCGAAA 
CCTGCCAAACATCACCGCCCAAAACCTAAACATACAATGGCTAAAAATATCAGAAAATAA 
CTTGCTGTATTGTAAATTCTTATGTTATCATGTGATAATAATTATCATTAGTACCAAGAT 
ATCCATTACTAAACTTCATCCCCCATCTTAACAGTTACCAAGCGGTGAGCGGATTATCCG 
ATTGACAGCAAGCTTAGCATGATGOCATCGGCTG A Tf UlVm I IGC C nv nGI GiGrT 

45 TCTGGGAGTTGATTGTACTTACCTTAGTCGTGCATGCTTGCGCrCATTTAATTAAATTTG 
ATCAAAGCGGTCTTCACAACACACCAAACGAGATATCACC 



SEQ.IDNO:46 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the ApB gene 
50 from MoraxeUa caiarrhalis 

AGrrrGCCCTWTTTTGAGAGCCACTGCCATCATGAATTTGTTGGCGTAAACACCACTCG 
T A TT C TT C TT C GGTTTCCCCTTTCCATGCAAACACAGGGATACCAGCGGCCGCCATGGCA 
GCGGCGGCGTGGTCTT GG GT G CTAAAAATATTGCATGATGTCCAGCGAACTTCTGCACCC 
AAGGCAACCAAAGTCTCAATCAGCACCGCTGTTTGAATGGTCATGTGGATACAG^ 

55 ATTrTAGCACCCTTAAGrGG'rT GC T GG TCTTGATAGC G TTTT C TT A ACCCCATCAGGGCT 
GGCATCTCAGCTTCTGCCAAGGCAATCTCACGGCGACCATAATCGGCTAAACGGATAT^ 
GCGACTTTATAATCGGTGAAGTTTTGGGTGGTACTTGGATTGATTGAGGTAGGCATATCT 
TTATrCCTAAGCTATTTTAAAGTATTTTTAACAATAATTTTGATGAATTTGAGATAATTG 
ATGCTAAAAGGTTGAATGACCAAACCATCGCTAAaUVTCAAGAAAAGACATrrrAAGCAT 

60 AAAAAGCAAATGTGTCTTGATGGCTTATTATAAa«?rTATTATGATAAATTTGGGTAGAA 
AGTTAAATGGATCGTTGGGTAA GTT T G TTGGCTATCCTTAATT AATT AT AATTTTT TAAT 
AATGCTTTTACTTTATTTTAAAAATAGAGTAAAAAATGGTTGCCTTTGGGTTTTTATCTC 
ACTATGCrAGATAAAATTGATACAAAATGGTTTGTATTATCACTTtTrATTTGTATTA^^ 
TTTTACTTATTTTTACAAACTATACACTAAAATCAAAAATTAATCACTTTGGTTGGGTGG 

65 TTTTAGCA A G C A A ATGGTTATTTTGGTAAACAATTAAGTTCTTA AA AA C GATACACGCTC 
ATAAACAGATCGTTTTTGGCATCTGCAATTTGATGCCTGCCTTGTGATTG6TTGGGGTGT 
ATCGGTGTATCAAAGTGCAAAAGCCAACAGGTGGTCATTG 



SEQ.IDNO:47 



n 



wooi/cmso 
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Nucleotide sequence of DNA region (1000 bp ) up-stream from die tbpA gene 
from Moraxella catarrhalis 

TTGGGGGCGGATAAAM^GTGGTCTTTGCCCAAAGGGGCATATGTGGGAGCGAACACCCM 

ATCTATGGCAAACATCATCAAAATCACAAAAAATACAACGACCATTGGGGCAGACTCX^ 
5 GCAAATTTGGG C I TT G CTGATGCCAAAAAAGACCTTAGCATTGAGACCTATGGTGAAAAA 

AGATTTTATGGGCATGAGCGTTATACCGACACa^TCGGCATACGCATGT CGG TTGATTAT 

AGAATCAACCCAAAATTTCAAAGCCTAAACGCCATAGACATATCACGCCTAACCAACCAT 

CGGACGCCCAGGGCTGACAGTAATAACACTTTATACAGCACATCATTGATrrATTACCCA 

AATCCCACACGCTATT A 'X' C TTTT GG GGGCAGACTTTTATGATGAAAAAGTGCCACAAGAC 
10 CCATCT6ACA6CTAT6AGC6TCGTGGCATACGCACA6CGTG666GCAA6AATGGGCG0GT 

GGTCTTTCAA6CCGTCCCCAAATCAGCATCAACAAACGCCATTACCAAGGGGCAAACCTA 

ACCAGTGGCGGACAAATTCGCCATGATAAACAGATGCAAGC G T C TTT A TC GCr rTGGCAC 

AGAGACATTCACAAATGGGGCATCACGCCACGGCTGACCATCAGTACAAACATCAATAAA 

AGCAATGAaVTCAAGGCAAATTATCACAAAAATCAAATGTTTGTTGAGTTTAGTCGCATT 
15 TTTTGATGGGATAAGCACGCCCTA CTITTG TTTTT GrA AAAAAATGTGCCATCATAGACA 

ATATCAAGAAAAAATCAAGAAAAAAAGATTACAAATTTAATGATAATTGTTATtGTTTAT 

GTOTTATTTATCAATGTAAATTTGCCGT A TTtT G TCCATCitfaWICGCATTTATCA 

ATGCCCAGACAAATACGCCAAATGCACATTGTCAACATGCCAAAATAGGCATTAACAGAC 

TTTTTTAGATAATACCATCAACCCATCAGAGGATTATTTT 

20 

SEQ.IDNO:48 

Nucleotide sequence of DNA region (1000 bp ) up-stream from die ompE gene 
from Moraxella catarrhalis 

AAAGACATTACACATCATCATTCAAACGCCCAACCATGTACCTCTGCCCCGTG GTCGCA C 
25 GCCAACGCTTTTTGATGCGGTGCGTTGGGTTCAGATGGCTTGTCAATCATTTGGTTTTAT 

TAAAATTCATACCrnGGTAGTTTGGCTTTACCTGATATGTCAnTGATTATCGAAACAA 

TACGCAGTTGACCAAACATCAATTTTTAGCCATTTGCCAAGCACTCAATATTACCGCTCA 

TACGACCATGCTTGGTATTAAATCATCACATAAAGATACTTTACATCCATTTGAATTGAC 

ATTACCCAAATACGGCCATGCCTCAAATTATGATGATGAATTGGTGCAAAACAATCCATT 
30 GGCTTATTTTCATCAACTGTCTGCCGTCTGCCGATAT lT T TA TAC C CAAA LGtii ' T I G I A T 

T6TTGGCGGT6AAAGCTCAGGGAAAACTACCTTG(mXAAAAACTTGCCAATTATTATGG 

TGCCAGCATC6CACCT6AAATGGGTCGATTATACACACACTCCCATCTCGGCGGTAGCGA 

ACTTGCCCTTCAATACAGCGACTACGCATCCATTGCCATCAATCACGCCAACGCTATCGA 

AACCGCTCGTACCACTGCCAGCTCTGCTGTTACACTGATTGATACTGATTTTGCGACAAC 
35 GCAAGCATTTTGTGAAATTTATGAAGGGCGAACGCATCCGCTTGTCGCAGAATTTGCTAA 

ACAAATGCGATTGGATTTTACGATTTATTrAGATAATAATGTTGCTTGGGTCGCTGATGG 

CAT6CGTA6GCTTGGTGAT6ATCATCAAC6CAGTTTGTTC0CCAATAAATTGCTT6AGAT 

TTTGGCACGATATGATATTACTTATCATATCATTAATGACACCGACTACCACA A ACGCTA 

TCTACAAOCATTAAGCTTGATAGACAATCATATTTTTAATCATTTTACAAAAATTCATGA 
40 CAATTAATTAGGGAAAATCTGATGAAAATTGATATTTTAG 



SEQ.IDNO:49 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the uspal gene 
from Moraxella catarrhalis 

45 GGATGTGGCATATC7GCCCATCGACCCAATACACATCGGTCGAGGCTATCAAGATGTG6T 

ACGAATTAATAOCCAGTCAGGTAAGGGCGGTGCTGCGtATATCTTGCAGCGGCATTTTGG 

TTTTAATTTACCACGCTGGACACAGATTGATTTTGCTCGrGTGGTACAGGCTTATGCAGA 

AAGTATGGCGCGTGAACTAAAAACTGATGAGCTGCTTGAAATTTTTACCCAAGCGTATCT 

TAAGCAAGATAAATTCCGCCTAAGTGACTATACCATCAGCAATAAAGGCGATGCTGTCA6 
50 CTTCCAAGGCCAAGTAGCGACACCCAAAOCGCTGTTTGAGGTGATTOGrCAAGGCAATGG 

TGCGTTATCTGCGTTCATrGATGGCTTGGTGAAATCCACAGGCAGACAGATTCATGTCAC 

CAATTACGCCGAACACGCCATCGATAACAAAACCCATCAAAAAACCGATACGGATAACCA 

AACCGATGC CG CCCTGCCCCTTATATCCAGCTCTCGGTASAGGGGCAGATTTATTCAGGC 

ATCGCCA CIlGC CATAGCACCGTATaaXCATGCTAAAAGGTGCATT A l tXU ITTT GGC A 
55 CAGGCGTGGTAATCTGACCCAATCAAAATCCTGCATGATGGCAGGATTTTATTATTTAGT 

GGGCTGCCCAACAATGATGATCATCAGCATGTGAGCAAATGACTGGCGTAAATGACTGAT 

GAGTGTCTATTTAATGAAAGATATCAATATATAAAAGTTGACTATAOCGATGCAATACAG 

TAAAATTTGTTACGGCTAAACATAACGACGGTCCAAGATGGCGOATATCGCCATTTACCA 

ACCTGATAATCA G t V VG ATACCCATTACCGATGGCATCAA b ' f lUlGX f G T I Gi AI IGXC A 
60 TATAAACGGTAAATTTGGTTTGGT66ATGCCCCATCTGATTTACCG7CCCCCTAATAAGT 

GACGGGGGGGG A GACCCCAGTCATTTATTAGGASACTAAG 



SEQ.IDNO:50 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the uspa2 gene 
65 from Moraxella catarrhalis 

CCCCAAGCTTTCC G I T T G T G TGCCTGCTGGTGTCGGGCGGTCATACCATGCTGGTGCGTG 
CCGATGGTGTGGGCGTGTATCAGATATTOGGCGAGTCTATCGATGATOCGGtGGGTGAAT 
GCTTTGATAAAACGGCAAAAATGCTCAAACTGCCCTATCCTGGTGGCCCAAATATCGAAA 
AATTAGCCAAAAACGGCAA CCC ACACGCCTATCACrCTffCCAAgACCCATGC^^ 
70 GGCTGGATTTTTCGTTCAGTGGCATGAAAACCGCCArrCATAATCTCATCAAAGACACAC 
CAAACG CC CAAAGCGACC C CGC C ACACCACCAGACATCGCCGCAACCTTTGAGTATGCGG 
TGGTGGATA C ' rn ' GG T C AAAAAATGCACCAAAGCACTACAGATGACAGGCATTCGCCACC 



n 



wo 01/09350 
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TGGTGCrCGCAGGGGGCGTCTCTGCCAATCAGATGCTACGCCGCACCCTGACCGAGACGC 
TCCGCCAAATCGATGCCrr CGGTCTA CTATGCCCCGACCGAGCTATGCACGCATAATGGTG 
C(»T6ATCGCCTATGCTGGCTTTTGTCGGCTCAGCTGT6GACAGTCGGAT6ACTT6GCG6 
TTCGCTGTATTCCCCGATGGGATATGACtaCGCTTGGCGTATCGGCTCATAGATAGCCAC 
5 ATCaUVTCATACCAACXAAATCGTACAAACGGTTGATACATGCCAAAAATACaiTATTGAA 
AGTAGGGTTTGGGTATTATTTATGTAACTTATATCTAATTTGGTGTTGATACTTTGATAA 
AGCCTTGCTATACTGTAACCTAAATGGATATGATAGAGATTTTTCCATrTATGCCAGCAA 
AAGAGATAGATAGATAGATAGATAGATAGAACT CTG T C TT'fT A TCTGTCCGCTGATGCTT 
TCTGCCTGCCACCGATGATATCATTTATCTGCTTTTTAGGCATCAGTTATTTCACCGT^ 
10 TGACTGATGTGATGACTTAACCACCAAAA6AGAGTGCTAA 



SEQ.IDN0:51 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the ompZl gene 
from Moraxella catarrhalis 

15 GAGTGAACTTTATTGTAAAATATGATTCATTAAAGTATCAAAATCATCAAACGCAGCATC 

AGGGTTTGCTAAATCAATTTTTTCACCATAATTATAGCCATAACGCACAGCAAGCGTAGT 

TATGCCAGCGGCTTGCCCTGATAAAATATCATTTTTGGAATCACCAACCATAATGGCATC 

AGTCGGTGCGATGCCCAGTGATTGACACAGGTATAATAAAGGCGrrGGGTCGGGCTTTTT 

GACGCTGAGCGTATCACCGCCAATCACTTGGTCAAACA6TGTCAGCCATCCAAAATGTGA 
20 TAAAATrrTAGGCAAATAACGCTCAGGCTTATTGGTACAAATTGCCAAATAAAACCCCGC 

TG ClTT TAATCGTTCAAGCCCTTGTATAACCCCTGCATAGCrrTGCXTATTTTCAATCT 

TTTATGGGCATATTCTGCCAAAAATAACTCATGGGCATGGTGAATCATAGTCGTATCATA 

(SATATGATGTGCTT(XATTGCTCGCTCAACCAATTTTAGC6AACCATT6CCCACCCAGCT 

TTTGATGATATCAATTGGCATAGGCGGTAAGrrAAGCTTGGCATACATGCCATTGACCGC 
25 CGCCGCCAAATCAGGGG CACTATCG AT AASCGTACCATCCAAATC AAATATAAT CAGrrr 

TTTGCCAGTCATTGACAGTGTTTGCATGCl 1 X f I'tXfTAI ICl'lAAAATTGGCGGCTGTT 

TGGTATrrrTTAAATCAGTCAATTTTTACCATTTGTCATATAATGACAAACTACAAATTT 

AGCAATATTTTAGTGCATTTTTTGGCGAAGTTTTATGAAAACTGGTCATTGGTTGCAAAA 

CTTTACACAGTACCTATAAAACTTGCACAGTTAATAAGAAAT Ai 1 i ' TUl lA CTATAGCGG 
30 CGTCATTTGGAACAAGACAGTTATTTGTAAATAGTTATTTGCAAAAGACGGCTAAAAGAC 

AGAACAGCGTTrGTTTCAGTGATTAACTAGGAGAAAAACA 



SEQ.IDNO:52 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the ompl06 gene 
35 from MoraxeUa catarrhalis 

TTGATCG G TTTTGCCCCACT G TTT C ATGATTTACTCAAAACAGGCGGCTTGATCGTGCTG 

GCAGGTCTGACCCAAAACCAAACCCAAGCGGTCATCGATGCCTACTCGCCTTATGTTACG 

CTTGATACGCCATTTTGTTATGCAGATGCCCAAGACTGCCATTGGCAACGCCTAAGCGGC 

ATCAAACCTACCAACCCATAAOCGATATGCCATGAGCCACAAACCTAAGCCAACACCGCT 
40 ATATaU^CAAGTTGAGCAGACCGCCAAGCGTTArmGAGACATTGGGCGATGCTCATAC 

TCATGATGTCTATGCCACTTTTrrGGCCGAATTTGAAAAACCGCTGCTCATCGCCGCACT 

CAATCACACGCACGGCAATCAGTCAAAAACCGCCCAAATCCTTGGTATCAATCGTGGCAC 

ATTACGCACCAAAATGAAAACCCATCACITACTTTAGACCGCCAGTrATCGCCATGGATA 

TGGGCAGGTGTGCTCGCCTGCCGTATGATGGCGATGACACCCCATTTGCCCCATATCTGC 
45 ACGATTTGACATGATTTAACATGTGATATGATTTAACATGTGACATGATTTAACATTGTT 

TAATACTGTTGCCATCATTACCATAATTTAGTAACGCATTTGtAAAAATCATTGCCCCCT 

TTTTTTATCTGTATCATATGAATAGAATATTATGATTGTATCTGATTATTGTATCAGAAT 

GGTGATGCCrACGAGTTG A rrf GGG TTAATCACTCTATTATTTGAT A ' lC,!! ' ! IG AAACTA 

ATCTATTGACTTAAATCACCATATGGTTATAATTTAGCATAATGGTAGGCTTTTTGTAAA 
50 AATCACATCGCAATATTGTTCTACTGTTACCACCATGCTTGAATGACGATCCAAATCACC 

AGATTCATTCAAGTGATGTGTTTGTATACGCACCATTTACCCTAATTATTTCAATCAAAT 

GCCTATGTCAGCATGTATC Al 1 1 I T 1 1 AAGGTAAACCACC 



SEQ.IDNO:53 

55 Nucleotide sequence of DNA region (1000 bp ) njHStream from the HtrB gene 
from Moraxella catarrhalis 

ACTATTCTG C TT TTT On 1 1 IC ACGAATGCGA ATGC CC AACTCACGCAACTG GCGATTAT 

TCACATCACGGATTGACCTG6CAC C A A CCATCAGCATAATCAGGCGATCTAGACCAAAT6 
60 CCAAACCACCGTGCGGCGGTGCACCAAAACGCAATGCATCCATCAAAAACTTAAACTTAA 

GCTCTGCTTCTTCTTTAGAAATACCCAAGGCATCAAATACCGCCTCTTGCATGTCAACCG 

TATTAATACGCAGCGAACCGCCACCAATTTCTGTGCCATTTAGTACCATGTCATAGGCAA 

TGGATAGGGCG G TTT C GGGA Lli IGi r T G AGTTCCTCAACCGAGC C T TiTb GGCGTGTAA 

AAGGATGATGAACTGATGTCCACTTACCATCATCAGTTTCCTCAAACATTGGAAAATCAA 
65 CGACCCAAAGCGGTGCCCArrCACAGGTAAATAAATTTAAATCAGTACCGATTTTAACAC 

GCAATGCACCCATAGCATCATTGACGATTTTGGCTTTATCGGCACCAAACAAAATGATAT 

CGCCAGTTTGGGCATCGGTACGCTCAATCAGCTCAATCAAAACCTCATCGGTCATATTTT 

TAATGATGGGTGATTCTAATCCTGATTCrrTTTCAACGCCATTATTGATATTGCTTCCGT 

CATTGACCTTAATATATGCCAATCCACGAGCGCCATAAATACCAACAAATTTGGTGTACT 
70 CATCAATCTGCTTGCGACTCATGTTACCGCCATTTGGAATGCGTAAGGCAACAACACGGC 

CTTTAGGATCTTGGCCGGGCCCTGAAAATACTTTAAATTCAACATGTTGCATGATGTCA^ 

CAACATCAATAAGTTTTAAGGGAATGCGTAAATCAGGCTTATCTGAGGCATAATCACGCA 
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TGGCATCTGCGTAAGTCATGCGGGGGJVAGGTATCAAACTCA 



SEQ.IDNO:54 

5 Nucleotide sequence of DNA region (1000 bp ) up-stream from the MsbB gene 
from Moraxelia caiarrhalis 

TGGATCATATTCTrrATTAATGGTACT G TTTAAACCTGTATTTTAAAGTTTATTGGGTCA 
TATTTTCAAGCTCATCCCATCGCTCAAGCTTCATCATCAAAAGCTCATCAATC TCTAC CA 

10 r CI TTTT G GCAAGCTGTGCCTGCT Cl r GTlt AAGTGCAGCAATTTCATTAGGCAAATCTT 

GAGCAAGCCATCTTTCATGCTGTTGTACATAGTCTTCATAACCGCCAACATATTCCA^ 

CGATACCGTCGCCGTACrrATCAGTATCAAATACCCAA G TTT G GGTAACAACATTATCCA 
15 TAAAAGCACGCnCATGGCTGATGAGTAATACCGTGCCrrrAAAATTGACCACAAAATCrr 

CTAAAAGCTCAAGTGTTGCCATATCCAAATCATTCXTrAGGCTCATCAAGCACCAAA^ 

TGGCAG GT T T lA GCAATAATTTGGCCAATAAAACGC GTU: ' ! ' 1 1 n ' CA CCGCCTGATAGTG 

CmAACAGCmTGCGAOCACGATTTGGCGTGJUkTAIUUUUiTCTTGCAAATAGCTTAAAA 

TGTGCGTA GTTlT T C CACCAACATCSACATGCaPCAGIM XCil ' C I G AAACATTATCTGCGA 
20 TAGATTTTTCAGGGTCTAGGTCGTCTTTGAGTTGGTCAAAAAAAGCAATATTTAGATTGG 

TGCCAAGCTTAACTGAACCTGACTGAATCGCTGAATCATCCAAACCCAAAATGCTTTTAA 

TTA A Oi rT G T T TT A CCAACGCCATTT TTGCCAATGATACC AACTTTATCACCACGAACAA 

GCAGCGTTCAAAAATCCTTAACTAAG G I IT lATTG ICStAT 

25 SEQ,IDNO:55 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the PUQ gene 
from Moraxelia caiarrhalis 

CAACTTGAAAATCAGCTOUITGCTCTOCCACGCACAGCACCGATGAGCGAGATTATCGGA 
ATGATAAATACCAAAGCACAAGCGGTTAATGTGCAGGTa^TGAGTGCATCAGTTCAAGCA 
30 OaC GTGAA CAGGATTATTIlTACCGA ACGC C CT ATCCCACrGAGTGCCACAfiGGSATTAT 
CATGCTTTGGGTCGATGGTTACTTGAGTTGTCAGAGGCTAACCATTTGCTGACAGTGCAT 
GAtTTTGATCTGAAGGCTGGTTTGAACCATCA(XrrGATGATGATTGTTCAGAT^^ 
TATCAAGCGAACAAACGCCCAAAACCAGTTGCTCAGCA(Xm;CCTGATGtT^ 

35 CAGTCAAGTTGTTGATGATAAGCTTGCACATATTACCCATGAAGAGCGTATGGCGATCAG 

TGACX:CTGT(XCGATACCCTTATCTGTGCCGATGATATATCAGCAAGGCAAAGATCCTTT 

TATCAATCCTTATAGAAATGTTGAGGTTCTTGATACCAATCATGCCGCTGATCAGCAAGA 

TGAGCCAAAAACCGAATCTACCAAAGCTTGGCCTATGGCAGACACTATGCCATCTCAGCC 

ATCTGATACTCATCAGTCTGCCAAGGCTCAGGCACAAGT C TTCAAAGGCGATCCGATAGT 
40 CATTGATACCAACCGTGTTCGAGAGCCTTTAGAAAGCTATGAGTTATCAAGCCTACGCTA 

T CATG gTCGT A TT I TT G ATGATGTTA GACTTG l' GG CACTCATTATGAGTCCTGATGGCAT 

CGTTCATCGTGIGAGTACTGGACAATATCTTGGTAAAAATCACGGAAAAATTACCCATAT 

TGACAGTCGTACGATACATCTGATTGAAGCGGTCGCTGATACACAAGGTGGCTATTATCG 

CCGTGATGTAAACATTCATTTTATTCATAAGCAATGACAC 

45 

SEQ.IDNO:56 

Nucleotide sequence of DNA region (1000 bp) up-stream from the lipolS gene 
from Moraxdla caiarrhalis 

TTCATGCAACAAGCGACCATCTTGGCCGATQITACCATCCTGCTCACCTAAGAAAATCAG 
50 TTTATCAGCTTGCAGGGCAATGGCTGTGGTCAGTGCTACATCTTCTGCCAATAGATTAAA 
AATTTCGCCCGTAACCGAAAAA CC TGT CG GT CC TAGTAGGACAATATGgrCATTATCCAA 
ATTATGGCGAATGGCATCGACATCAATTGAGCGTACCTCACCTGTCATCTGATAATCCAT 
ACC ATCTCT G ATGCCGTA AGGGCGAG CGGTG ACAA^ 

AGATCCCTACATTGGGGJMiTTAfiCAAGCCCCAT C GACA OCC GA fiC TT CG ATTTGTAGACG 
55 AATTGAGCCGACTGCCTCCAACATGGCAGGCATAGATTCATA CCG T G TT A CACSCACATT 

CTCATGTAG Gfl r G ATATCA GC IT GCGA r f TT G TAA Al 1 1 1 1 ' i ICLA CilGT GGGCG T A C 

ACCATGCACAAGCACCAATTTGATGCCCAAGCTGTGT A GCAGTGCAAAATCATGAATCAG 

CGTACTAAAATTGTCACGAGCGACCGCCTCATCACCAAACATAACCACAAA CG TI TT GCU 

ACGATGG G T G TTAATGTACGGGGCAGAATTACGAAACCAATGCACAGGTGTGAGTGCAGG 
60 AGTGTTCTGATAGGTGCTGACA6AATTCATGAATGCTCCAAAGAGTCAATGGCTG6TAAA 

ATAACAATGGCGAACAATATATCGCGAGAGCGTCTG A T G TT GG T C AAATGTCCCATTAAT 

AACTATCAAGATACCATCATACCATAOCAAAGTTTTGGGCAGATGCCAAGCGAATTTATC 

A GC TT G ATAAGGTTGGCATATGATAAAATCTACCATCAT CG TCG C CA G TTT I GA flCATCT 

GTAAGTAGTTACCATAATTAAACAGTCAAGAAATTCACACCGTCAATCAGCrGTGCTATG 
65 CTTATGGGCACATAAAACTTGACCAACACAGGATAAATTTA 

SEQ.IDNO:57 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipoll gene 
from Moraxelia caiarrhalis 

70 GGCATA C T T ' rr GCCATGCTTTA T ' r I IGG CATAACTGCTATAAGCCCATTGCTA C Ti ri ' T A 
TCATTTATCCATATGTCCAATAATGTGCTTTATGTAATTTAGGCACACTATTAACTCGTG 
CCACT6TTAACATTCAGCATAAAAATCTTAACAATGAATCAAAGCATC6TATTGGCTGTT 
AAATGATAAGCTTATATTTATTTAAATTCAGACTAAATGAnGTAATATGGACATATCAA 



^1 
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GGrrGAAATCAAAAATTTTGGAGAGTTATGTACGATAATCATJUUUUUTTGA^^ 
GTAGai^WrGTATACGGTGTCTTATATTGCCATATGOTGGTCAGTGGCTATArrrTA 
TGGCGCTCGATTGGTGTGACAGGATrTACTCCTGCGATACTTTGGCTGATCGCTTG^ 
ATTGTGGGTACGATTGCTGATAGAATrCTGATACCGATTATTTTGACCCTCG^^ 
5 TTATrrTCT A T C TTTTTTGAAAAAAGGC(aTA A TT TGGrr ATTTTTTCACAAAAAATCAT 
GAT T T T T H I G TAAACTATCTAAAATATCAATTATGTTATATTATGTGATAAAAGATGGG 
CATGCTTAACTTTTGGATTGCAAAAATCCTAATATCATCACTGACCAAAGCTGTGATGAT 
ATCAAAACTTTATOrtAGTTCTTAGGGTATTATCAAGATATCATACCyVAATGAATACTTA 
CCCAACTTACTAT AAAAATCAAATGAT ATGACTGTGATTTTATTATCATAGATACAAAAA 
10 TCAAAACGCATGAGCCAAAGGTATGATGAATGAATACAAAATTTCGCACACATTATGACA 
ATCTAAATGTCGCCAGAAACGCTGACATTGCGGTGATTTGGTGGGATACGGGTCAAGCCA 
GTGCGATTAAGCTAAATTTTTATGTGGGCAATCGCTGACTTTATTTT A lT TC T a JCAGTT 
GGAACAATTCGTGGTCTAATGTATTTATTTrAAGGAGATAA 

15 SEQ.IDNO:58 

Nucleotide sequence of DNA region (1000 bp ) up-stream from ttie lipolO gene 
from Moraxella catarrhalis 

TCTGGTCTACATCCCAAACTATTTACACAAGAAACACTAAAGACAGTGGAGCAGATGACG 

CTCAAAAAGGCATCTTATAGTAATTTGACAGTTA A TTTT C GT C AAGTGCTTGTACAAAAA 
20 TACACCATCGTGCAAGAAGTTTGTACCAATTTAAGCACAATCATTTTGGCACACACTGTC 

AAGCAATGCTTCAGGCAAATTAGCTGCTGGTAAAGATACTTGGGTCATCATGCAATCGCA 

TCAACCCTTCTTGCrCCGTTGAACCGATAAGTTTGCCATCTTGCCAAAATTGACrATGGT 

TTAGACCCTTGGCGTGGCTTGTGGTATCGCTCCACATGTCGTAGAGTAGATATTCGGTCA 

TATCAAAAGGGCGATGGAAATGTATGGAATGGTCAATACTAGCCATrrGTAGACCTTGTG 
25 TCATCAGGCTTAGCCCATGACrCATTAAACCTGTGCTGACCAAATAATAATCAGACACAA 

ACGCA AGTAGTGCry aTGAATGG CAAC T GGCyX TCCCCAATATCAGCGAT^^ 

GGATTTCGACATGACGCTGACGCATAA A ' XCTTGCl ' l ' f(jA GTGSTTCGCGA All ' l 
AATAATCCGCTTTGA bIAt.riG CTCG G T T TTT A G GCTi ' ltJ «;GGGGTGGATAA 
30 TGGTTTCTTGGTAATCAAGCCCGCCTTCCATGGGTGAAAATGAGGCAATCATCGAAAAAA 
TGACCTGTTCATTGGTCGTATGATTACC G T TT ' r ' i ' Ui 'CGGT GG TT GG CACATATTGCACCG 
CAATGACTTCTCGACCTGATAAACTGCGTCCATCACGTAAGCGGCGTACTTGATAGATGA 
CTGGTAGACGAATATCGCCACCTCGTAAAAAATAACCATGTAGGCTATGACAAGGTTTAT 

SEQ.IDNO:59 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipo2 gene 
from Moraxella catarrhalis 

TAAAATGACCTTACAAAATAAAATTATATGTTCAAAAATCGCTTAAGTATTGAAAAAAGC 
40 TATAAAAACTTATCTATTAAAGCATAAAAGATATTAAAGCATAAAAGACGAGAAAAGAGC 

AAGCGTCAATGATGATATrrCATATAAAAACTTATGAAATTTTTCAATTrmATC^ 

GATTCAGCTTGGCTATCGGTGGTCAACTTTGGCTGCCAAGACATCGCCG GCTI T 

AATCATCACAATGGCAAO^TGATGATGGTTGAAATCCACTTGACATATACCATGTTGCG 

ATGCTCACCATASTTAATCGCAAGGCTTCCCAAGCCACCACCGCCAACCACACCTGCCAT 
45 TGCAmTAACaU^TCAAAGACACCAAGGnMTGTGACCGCATTAATCAAAATGGGCAG 

GCTTTCAGCAAAATACTATTTGCTGACAACCTGCCAATGCGTTGCACCCATAGATT^ 

AGCTTCGGTCAGT C CTGT GG GTACTTCTAATAAAGCATTGGCACTCAAGCGTGCAAAAAA 

TGGAATTGCT GC CACACTCAAAGGGACGATGGCG GC TGTTGTGCCAAG GG T T G TTCCCAC 

CAAAAATCGTGTGACTGGCATGAGAATAATGAGCAAAATAATAAAAGGAACGGAGCGACC 
50 AAT ATTAA TAATAACATCCAA yiCTACAAATACACTO GATT^^ 

AGCAAGCCCCATATAGAI GG T t I CC C J aGTGGAn i XG CA ACaVTCTCCCA^TTCTTO 
GTGCATTTCACTGACAAATTTTGTGACGATTTCATTCCACATAGCCGATAATCTCAATAT 
TGACCCGATGGGTGGrTAAAAATTCTATTGCTTGCATGACCGAGGTGCCTTCACCGAtAA 
55 GCTCA6CAATGGTAAAGCCAAATTTTATATCACCTGCATAA 

SEQ.IDNO:60 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipo7 gene 
from Moraxella catarrhalis 

60 AGTAAACAATGGTAACAAATACAGCAGTGTCGCACAGTCCTCAGTACGATGATTCTGAAT 

TTGAATATGCAGSATTTTGGATACGATTTGTCGC A T G T C TT G T C GATAATTrAATTGTTA 

TGATTATAATTGCACCGTATTGGTTTTATAATTATCAGCAAATGATGGCCATGCCTGCTG 

ACCAAATACCGTTTTATAGTSrf GGGG ATGCCATCCTTTATA G TGCTGGGGATGCTATCC . 

TAAACTTAGTGATGGCCGCGGC GG T TGI IT GGl l TI' GGG TAAAAAAASGrGCAACACCAG 
65 GTAAAATGCTCTTTGGGCTGCAAGTCCGTGATGCCAAAACAGGGCAATTTATCA6TGTGC 

CAAGGGCATTATTGCGATATTTTAGTTATCTGATTTCATCCGTG A TT C TT IGf T r GGGAC 

rrATTTGGGTTGGTTTTGATAAGAAAAAACAAGGCTGGCATGATAAAATTGCCAAAACTG 

TTGTGGTAAAACGCATTCGCTGATGGGTCGCCAGTTAAACAATAAAACCAtCAAACGCAA 

CCACGGCS A T G T G I r IG AGCAGTTGSCGGTAGATAACCTAAAACAAGCAGGCTATGAAAT 
70 TATTTTAACCAACTTTACCACCCCATTTCTTGGT6AGATTGATATTATCGCCAGACACCC 

TTTGGAGCAATCGCACC G TTT GG T GC AGCCAAGATTTTGTACGGT ATl ' lvrrt^ GTGCG 

TAGCCGAACAAGTTCT G TGTATGGTACAGCGCTTGAGAGTGTTACCTCAAAAAAGCAGGC 

AAAAATCTACCGAACAGCAGAACGATTTTTAATCAATTATCCCAAATATATTGATGATGC 

ATACCGTTTTGATGTCAT GG TI I T I G ATTTGGTTGATGGATTGATTGAACATGAATGGAT 
75 AAAAAATGCGTTTTGATTGGCTCAATGGTCGTGAATTAAAATCAATCAAGCAATCCGTAG 
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CTTTACTATAAGATATATCCCAGTAATATGGIUIACATAGCA 

SEQ.IDN0:61 

Nucleotide sequence of DNA region (1000 bp ) up-stream from tiie Iipo6 gene 
5 from MoraxeUa catarrhalis 

CGTTTAGCTTCATACGCAGACCTT6T6CACCTTCGGGCAACCGAAGCATCACGCCAGCAT 

CACGCATCCGCACAAAACCCATCATGCCATCAATTTC6CTGCTGATATGATATACCCCCA 

CCAAAGTAAACCGCTTAAATCGTGGAATAACGCCTGCTGCTGAGGGTGAGGCrrCAGGCA 

AAACCAAGCTAACCTTATCCCCCyuVCTTAAGTCCCAT(TOWaiGACAATO»CTCACCT^ 
10 ATATAATACCAAACTC GCCGAT ATGTAAATCATCCAAATTG C CTG C GGTCATATGCTCAT 

CAAT<»TA(»AACTrGCTTTTC6TAATCAG<KrrCAATGCCAGAAACCACGATTCCAGT^ 

CCTGACCTTCAGCGGTTAACATACCTTGTAGTTGAATATAAGGGGCAACTGCTTGCACrr 
• CTGGATTTTGCATTrTGATTTTTTCGGCAASTTCTTGCCAATTTGTCAAA Al X ' TCTW G 

AGGTAACTGAAGCTTGAGGCACCATGCCAAGAATGCGTGATTTAATTTCACGCTCAAAGC 
1 5 CATTCATCyiCCGACAAAACCGTGATAAGCACTCCAACCCCAAGCGTAAGXXCAATGGTTG 

AGATAAAA(»AATAAAGGAAATAAAGCCATTTTTACGCTTACCTTTGGTATATCTAAGCC 

CAATAAA TAACGCCA AGGGACGAAACATAAGCTGTGTTCCAAACGACCCAACCCTGCTAG 

TTTAGC A Li 11 li IG GACAAATACCAAA CATC ACATAACAAATGAATCATCA GGI I ' GG T T 

TTGTTGCGCTTGTGTATCTGTAT(»TAA GrTTC ' nt»C TAAAACAG ClllTrrA TGTCAG^ 
20 ATACAGAAAAGGTATATACTTATArrTTTAACTTTAAATAGATCTGCTTTTTTATACCGA 

TGATTTGGCATGAAGTTTATCGCTCTGATATGCTGGATATAAGTTTATCGGCTTGATATA 

AATTTTAATTAATCATCAAATTTTTAAGGAATTTATCATTA 

SEQ.ro NO:62 

25 Nucleotide sequence of DNA region (1000 bp ) up-stream from the P6 gene from 
MoraxeUa catarrhalis 

TAAGGATACCAGATTTTGGCTrGTCAATCGTTGTGTTAATCATTGTAACGGTTTATAGTG 

ATTGTCAATTAATAAGGGTAAAAAAGTATTTATCAAGTAATAAT C TTT CTTA TATGTGAA 

TATAATGACAAATTTATCACATTTTTACAAGGATTTTrTATCAAGATTAGGATATGTTCC 
30 AGCTTAATTATTAGT6ATGAGCGTGTGATTATTTGGCATCGTTAAATTTAT6AGTGCTAA 

AATTGCCAAATGATTAAAATTTTGCTAACATGATAGCCCCTTTGGrAGGCTTTATTTGGT 

ATTGATGAGCAATAATAATATACCGAGTTAAATGGATTAACTTAACATACGCCAAAAACT 

TAACAACGAAAA6TAGATGATTATGACAGATACAGTACAAAAAGATACAGCACA6TCCCC 

CAAAAAAGTTTA TCTA AAAGACTACACGCCGCCAGTATATGCAGTTAATAAA6TGGATTT 
35 GGATATCC GC tT G I rT G ATGATCAT GC TGTCGTTGGTGCCAAACTTAAAATGACACGAGC 

ACACGCAGGCCAGCTTCGGCTTCTTGGGCGAGATTTAAAGCTTAAAAGCATTCACCTAAA 

TGGTCAGGAATTAGAGTCGCAGGCGrATCATCTTGATAAGGAAGGCTTAACAATTTTAGA 

TGCaCCAGATGTCGCAGTGATTGAGACATT G GtT GA GATTTCACCACA A ACCAAC A CAAC 

ACTTGJUIGCGCTATATCAAGCAGGAACAGGTGATGATAAGATGTTTGTGACACAATGCGA 
40 ACCTGAGGGTrTTCGCAAAATCAC C TTTTT CCC TCACCGCCCTGATGTTTTGACAGAATA 

CACCACACGCCTAGAAGCACCAAAGCATTTTAAAACCTTGCTTGCCAATGGTAATTrGGT 

TGAGTCAGGAGATGTGGATGAAAATCGCCATTATACCATTTGGCATGATCCTACCAAAAA 

ACCCAGCTATCTATTC6CC0CTGTCATTGCCAATCTA6AA6 

45 SEQ.ro NO:63 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the MsbB gene 
from Haemophilus influenzae (HiRd) 

AAATCAACCGCCTCTGCCTGCTGGTGATGGrrGT UU AGACGAATTAT A T lCI I G^ 

ACCGCCAAAACCAGGCACTTCAGTGAGCAAACCTAAACTTACA C CGCCTGA GCCbl 1 1 1 1 ' 
50 GTGCCAACAGArrrrGAACTCACCGAATCGGAGAGAATGCTTAGAATAGCATT GAGG T A A 

ATCAATATGGATATCGGCATTGATCTTTrACCAAT A TT G TT I T bitSl T GG rTTT GTU X^ 

TCATTTATCGATGCAATTGCTGGCGGTGGTGGATTAATCACCATTCCACCGTTACTCATG 

ACAGGTATGCCA CCAG CAATGGCGTTAGGCACCAACAAATTGCAAGCTATGGGCGGTGCA 

T TATC CGCAAGCCTTT A TTT C TT GC CAAAAAGACCGGTCAATTTACGCGAT AI I ' lbGlTT 
35 ATTTTG ATTT GU Gl 1 1 ILl lA GGTTCTGCCCTAGGTACATTATTAATTCAATCAATTGAC 

GTGGCGATTTTCAAAAAAAfGCl ILLllilTTtATTTTAGCCATTGGTCTATATTTTTTA 

TTTAC TCCTAAATTAGGTGATGAAGATCGAAAACAACGATTAAGTTATCTGTTATTTGGT 

CTTTTAG TTAG CCCATTTTTA G G I ' T ' i ' TT ATGATGG Cl 1 C 1 1 ' I 'GGGCCAGGGACTGGCTCA 

ATCATGAGTTTAGCCTGTCTTACTTTGCTAGGATTTAATCTCCCGAAAGCGGCAGCACAT 
60 GCAAAA GTGA TGAACTTCACTTCGAAC C TT GC TT Cm 'l' G CA CIT ' X ' l ' C TT A TTGGGCGGA 

CAAATTCTTr GU AAAGTGG GI Tl CGlGA TGATGGCTGGGAGC A TI I l AGG T G CAAATTTA 

GGTGCCAAAATGGTGATGACGAAAGGTAAAACCTTGATTCGACCGATGGTTGTTATCATG 

TCTTTTATGATGACGGCTAAAATGCrTTACGATCAGG Gl iU>mCA TTTTTAATTCGGA 

AAGCGCGCAAAAGTGCGGTTAAAATTAATTACATTTTATTA 

SEQ.ro NO:64 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the HtrB gene 
from Haemophilus influenzae (HiRd) 

TTGAAGTCCCCAATTTACCCACCACAATTCCTGCGGOUUaVTTCGCTACGTA^ 
70 CTTCCAAAGAACGTCCATCTGCTAATGTGGTTGCTAATACACTAATGACA6TCTCACCG6 
CTCCCGTCACATCAAACA L TTCi^ll' GC AACGGTTGGCAAATGATAAGGCTCTTGATTTG 
GGCGTAATAATGTCATGCCTTTTTCAGAACGCGTCACCAAAAGTGCGCTTAATTCAATAT 
CAGAAATTAATTTTAAA CLnrLT T A ATA A T C T C TT C TT C T UT ATTACATTTACCTACAA 
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CGGCTTCAAftTTCAGACATATTGGCTGTCAATiUlTGTA(XCCCACGATAJUX^^ 
ChGTtCC L I T 1 GG ATCGftTCAACACAGGCJUJ^TTCGCTTT<X:GTGqUTTTaUi 
TCTGAACATCTTTAAGCGTGC C TTT GC CGTAATCAC3WU»ATCiUUUXACC^ 
TCACCGCA Cl rr C TAACTTCGCTAATAAATCCTTGCAATCTACArrATTGAA A T CnC TT 
5 CAAAATCAAGGCGGAGCAGCTGTTGATGACGAGATAAAATACGTAAmAGTAATGGTTG 
GATGGGTTTCTAATGCAACAAAATTACAATCAA l ' ClT ' i i ' O i ' T li 1 C TAATAAGTGGGAAA 
GTGCAGAACCTGTCTC A T C TT G TCCAATCAATCCCATTAACTGAACGGGTACATTGAGTG 
AAGCAATATTCATCGCCM: A TT I GC AGCACCGCCCGCGC GTTC TT CAT ' X ll ' L T I G T A CGC 
GAACTACTGGCA C T G CT GC TTCTGgrGAAATACGCnTGGTTGCACCGAACCAATAACGAT 
10 CAAGCATCACATCGCCTAATACAACTACTTTTGCTTGCTTAAATTCT GC T G MITATTGA 
CCATTTTAAAATCTCTCTATTTGAATAACCAAAATTGTGGCGArrTTACCACAACTCAAA 
TTTACGATAAACTACGCCCCTAACTTACGTGGAAAGAACAA 



SEQ.IDNO:65 

Nucleodde sequence of DNA region (1000 bp ) np-stream from the protein D 
gene from Haemophilus influenzae (HlRd) 

AGCAATAATTATAGCTGGAATATTCTTTAAAGATGAAAGAGATCGTATAAGACAAAAAGA 
ATTTTATATTCGAGAATTATTAGCAATTATTGGTTCCCTAATATTCGTAATAAATAGTTC 
AAATAATGATGGAAATACAGA CI 1 1 X 1 IC T IGG GGCAAT AT I ' i ' CI 1 1 1 TACAGCTATTTT 
TATTCAATCrGTACAGAATTTAArrGTAAAAAAAGTAGCCAAAAAGATAAATGCTGTTGT 
AATAAGTGCATCGACAGCAACAArrTCAGGAGTATT A TTTTT AXGI 1 lAGCTmA ATAC 
TAAACAAATATATTTATTACAAGATGTTGGCATTGGAATGTTGATAG6TTTAGTTTGCGC 
TGGCmTATGGGATGCTAACAGGGATGTTGATGGCTTTTTATATTGTTCAAAAACA^ 
AATCA C ' iGl r I TTAAC A TTT XG CAATTATTA A 'i X CC ' lCl I T C AACTGCGATAATAGGTTA 
CTTAACATTAGATGAAAGAATAAATATCTATCAGGGAATTAGCGGTATTATTGTAATTAT 
TGGTTGT G TATTGGCATTAAAiUlGAAAAAAaUUaaAGTGrrGATATATAAAGTAGATGAT 
GTTGGTGGAATACCTATAGTTAAAT A T C T GG Tr C AAri' G& ITTt A TTAAGGGCGTTAGCA 
ATTCTCCArrrAAGTTTATGTTTGIUVTTACATATrrrGGGAAAAGATGGAAGAATAAAGC 
TGTTAAATAATGCraUVACATATGAACTATACOUlTACTCAAATAAAAATAATTCTGCrG 
GAAATGATTATAAATCTCTAATTCTAACTTGTAGAGAGGATAATGACTATCAATCAGAAA 
GAATGATTAAAGCCATTAAAAATATTATTCATTGTATGACTAATAATCATCAACCTATTT 
CAAGTGCTGAAACATCrrrAGAAACTATTAAAATTATTCACGGAATAATTAATTCTGTTA 
AAATAGGTAATGATCCTAACAATATATAAGGAGAATAAGT 

35 SEQ.IDNO:66 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hin47 gene 
from Haemophilus influenzae (HlRd) 

TAAATACTCCAAAATAAATTTCAGATAACGTGGTCTGTAAGACAAAAAAATAAAAAAAAT 
GTTCAATAAGAGGAGAGCAAATT ATC T ltil 'l TA AAAGGAAATCGGAGCAGTACAAAAACG 
40 GICTTACAAGTAGCAAATTCTATAAArrTATGTTCTAATACGCGCAATTTTCTAGTCAAT 
AlUUtftf^GTCAAAAAATGAGCTGGATTAAGCGft A ' l ' tTTTA GTAAAAGTC C TT C TT C T T CCA 
CtCGAAAAGCCAATGTGCCAGAAGGCGTATGGACAAAATGTACTGCTTGTGAACAAGTAC 
TTTATAGTGAAGAACTCAAACGTAATCTCTATGTTTGCCCGAAATGTGGTCATCATATGC 
GTATTGATGCTCGTGAGCGTTTATTAAATTTATTGGACGAAGm^ 

GTATCAATGCGGCGCAAAAAGAIUICGGGCGAGAAAGATGCGCTAATTACTATGACM^GTA 
CACTTTATAATATGCCAATCGTTGTGGCTGCATCGAACTTTGCTTTTATGGGCGGTTCAA 
TGGGTTCTGTAGTTGGTGCAAAATTTGTTAAAGCGGCTGAAAAAGCGATGGAAATGAATT 
GTCCA'r r f G T G T G ' f TT C I 'C X GCGAGTGGTGGTGCTCGTATGCAGGAAGCATT A TT C TCTT 
50 TA ATGCAA ATGGCAAAAACTAGTG CCGTA C TT GC T CA A ATGCGT GAAAAGGCTGTGCCA T 
TTATTTCACTATTAACGGATCCGACTTTAtiGCGGCGTArCAGCCAbi 1 i XUCG ATC TTAg 
GGGATTTAAATATTGCCGAGCCIUVAAGCCTTAATTGGTTTTGCAGGGCCACGCGTTATTG 
AACAAACTGTGCGTGMUUUlTTGCCAGAA U.iriCC AACCTAGTGA t;X 1 ICi ' A CTTGASA 
AAGGGGCAATT6ATATGATCCTGAAA CG TT CA GAAATGCCT 

55 

SEQ.IDNO:67 

Nucleotide sequence of DNA region (1000 bp ) up-stream firom the P5 gene from 
Haemophilus influenzae (HiRd) 

TCACTTAATTCAAGCGCATCAAr U V I'T I' C i ' AAAACATCAACAGAATTGACCGCA Ca i' G TA 
60 TCTAAAATTTCGCCATTTATTAAGACTGCGCGTAATGCCAAAACATgATTAGAG G T T I T A 

CCATATTGCAATGAGCCrrGCCCAGAGGCATCGGTGTTAATCArrCCACCTAAAGTCGCT 

CGATTG C T G GTGGACAGTTCTGGGGCAAAGAACAAACCAT GT GG TI TTA AAAATT GATTA 

AGTTGATCTTTTACTACGCCTGCTTGTACTC6AACCCAACGTTCTTTTACATTGA6TTCT 

AAGATGGCTGTCATATGACGACaUUUSATCCACTATTATATTGTTATTGATGGATTGCCCA 
65 1 i'l U T GCC AtrrGCCTCCACCGCGAGGCGTAAAGCTGATTGATTGftTATTCAGGTAAATW 

GCCA AlTTTGii ATCCGCACTATATCAGCAACC Ul 1 1 IC GGAAAAAGA A rrGCITGTG CA 

AGTTGTTGGTAAACGCTGTTATCCGTAGCCAGACTTAATCTATCTGCATAGTTTGTCGCA 

ATATCCCCCTCAAAATGTTGGCATTGAAGATCATCAAGATAATCAAGTACATATTGTTCA 

ACTTGAGGMVTGCGATTrAGATTTGGCAACATAGTATTTGACCCATTTAAACATATCAGA 
70 TGSAGGCTTTgATAATATCCTAAGGCTAGAATAATGTCCATTAGGAAACACAGAGGAGAA 

AGTAAAAA b T C T G TT T AAGAAAGTGTTATTTTGGATAAAAACTAAACAAAAAArrCAAAA 

GAATTTGAT C T T ' n ' C A Ari i i X ATAGGATAATAAGCGCA Ci 1 1 ' Xti AA CGi ' TCCf 1 r GGGG 

TAAACATAAGCAAAGGAATTGAATTTGTCAAAAGGTAATAAAGTAGGGCAAATTCAAAAC 

CCTAGTTAAGTGACTGTTTATAATGTAGCTTTAATTAAAAGTTCAGTATAAACAAGGACA 
75 CTTTTTATTACTATTC6ATCACTAAATAGAG6ACATCAAAA 



15 

20 
25 
30 
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SEQ. ID NO:68 

Nucleotide sequence of DNA region (1000 bp ) up-stream from tiie D15 gene 
from Haemophilus influenzae (HiRd) 

TCGATTGTATCCTATATAAATTATAGACGTAAAAAATCATTAAATAATGCAAACACCGTT 
AAGCTTAATAACAGTGCTGCGCCAATTCGATAACAGA i n 'T U CACCCGCTCAGAAACA 
G Gl n I 'CCTTTAACAGCTrCCATTGTTAAAAAAACTAAATGACCGCCATCTAATACTGGT 
AATGGAAATAAArrCATAATCCCTAAATTTACACTAATCAATGCCATAAAACTTAAAAAA 
TACACCAATCCAATATTTGCTGATGCGCCAGCACCTTTTGCAATAGAAATTGGCCCACTT 
AAATTATTTAATGACAAATCGCCAGTAAGTAATTTCCCTAATATTTPCAAGGTTAAAAGC 
GAAAGCTGT CL T G TTTTT TCAATGC C T 1 1 T IG TAAAGATTCAAGAATACCATATTTTAAT 
TCAGTACGGTATTCATCCGCTA ATTTTGA 1 AAGGCTGGGCTAACCCCAACAAACCATTTG 
CCATTTTGATTACGCACTGGAGTTAGGA C TTTGTCAAA TGriTC TCCATTACGTTCAACT 
TTAATAGAAAAAGATTCGCCTTGTTCGACCTGTTTTATAAAATCTTGCCAAGGAAGTGCG 
GTTAA AriXlLri 'TT A AAATTTTATCACCG AITTUlA AACCA faCI 1 I CILA GCGGGAGAA 
TTTTGAACAACTTTAGAAAGCACCATTTCAATTTTAGGACGCATAGGCATAATCCCTAAT 
GCCTCAAAAGCA LTT T CTTTTT CAG6ATCGAATGTCCA A TTT G T A AGATTTAAAGTCCGT 
TGrrG TTCAATATTAGAATTGAAAGGA(aAAGGCTAATCTCAACATTAGGCTCCCCCATT 
TTT G TGGCAAGTAGCATATTGATG GrT T CC CAATCTTGA GT TT C TTCGCCATCAATTGTA 
AGAArrrGCGTATTGGGTTCAATGTGG GC TTGT GC TGCGATTGA U TTT GG T U TT A tT W 
TCAAlXJlCTGGTTTAACCGTTGGCArrCCATAAAGGTAAAT 

SEQ.IDNO:69 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Omp26 gene 
from Haemophilus influenzae (HiRd) 

TTT6ATAAATATCCTTAATTAAATGATGG6TTTAATATTTTCTCTGCCCAATTAAATTA6 
GCAGAGAACGTTGTTTTTGAGTTCTGATGAAGAAAAAAGTTCAATTTATTAGAAAGAACC 
TCCAATACTAAATTGGAACTGTTCGACATCATCATTTTCATATTTTTTAATTGGTTTGGC 
ATAAGAGAATACCAATGGCCCAATAGGAGATTGCCATTGGAATCCGACACCTGTAGAGGC 
GCGAATACGGCTTGATTTGCCATAATCGGGTAAGCTTTTTAATACATT6TTATCTAACCC 
ACTCTTATCCGATTTCCACTTAGTATTCCAAACACTTGCCGCATCAACAAATAGGGAGGT 
TCGGACTCrrArrTTGGCTTTTATCACTCACAAACGGTGTTGGTACAATAAGTTCTGCACT 
CGCAGlTGTGATTGCATTACCACCAATCACATCAGAACTr Alt rrCT ' X ' A AAAGTACCATT 
ACCATTACCAT G TT C TCCATAA A 'rT G CGTT A GGTCCAATACTACCATAAGCAAAACCACG 
TAATGAACCGATGCGACCCGCTGTATAAGTTTGATAGAACGGTAAACGCTTGTTTCCAAA 
ACCATTTGCATATCCTGCAGATG CIT ITG CAGATACAACCCAGAGGTGATCTCTGTCTAA 
TGGGTAGAAACCCTGTACGTCTGCACTTAGTTTGTAGTATTTGTTATCAGAACCTGGAAT 
AGTAACTCGTCCAC C AAGA C TT GC TTT A ACCCCTTTAGTTGGGAAATAGCCTCTATTAAG 
GC T G TTATAGTTCCAACCAAAACAAAAATCAAAGTC AT I ' IGfXn ' A ATGCCATTACCTTT 
AAATTTCATTGATTGAATATATAAATTftCOGTTATATTCTAGJU^CAAAGTTACTAATTTT 
ATTATAGGTAT6GCCTAATCCTACATAATAGGAGTTATTTTCATTTACAGGGAAACCTAA 
AGTAACATTACTTCCATAAGTCGTACGCTTATAGTTA6AG6 



SEQ.roNO:70 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the P6 gene from 
Haemophilus influenzae (HiRd) 

TTAGATTTCTCCTAAATGAGTTTTTTATTTAGTTAAGTATGGAGACCAAGCTGGAAATTT 
AACTTGACCATCACTTCCT GG AACGCTCGCCTTAAAGCGACCATCTGCGGAAACCAATTG 
TAfiCA CC TTTCCTAAGC CCTGTGrAGAACTATAA ATAATCA TAATTC CATTTCCAS AGAG 

T I G IT I A ACTACATTAT TG T f A CCATTAATCATCACAA GIGA 111 iC CATCTGCACTAAT 
rrGTGCGCTACCGCGACCACCCACT GC T GT T GCA CTACCACCGCTTGCATCCATTCGATA 
AACTTGTGGCGAACCACTTCTATCGGATGTAAATAAAATTGAATTTCCGTCTGGCGACCA 
(XCTGGTTCAGTArrATTACCCGCACCACTCGTCAATTGAGTAGGTGTACCGCCATTTGC 
T CCCATA ACGTAA ATArrCAG AACACC ATCACGAGAA CAAG CAAAAg CTA AACG A GAAre 
ATCTOGCGA A AACGCTGGTGCGCCATTATGCCCTTg AA A A GATGCCACTAL'f 1 lACGTUC 
GCCAGAATTTAAATCCTGTACAACAA U ' i f t>lGATT 1 ' 1 ' ' I I A TfTTCAAACGATACATAAOC 
CAAACGCTGGCCGTCTGGAGACCAAGCTGGAGACATAAI 1 GG l T GG GCACTACGATTGAC 
GATAAATTGATTATAGCCATCATAATCTGCTACACGAACTTCATAAGGTTGCGAACCGCC 
A TT l ' i m G CACAACATAAGCGATACGA UT I ' C T AAAGGCACCACGGATCGCAGTTAATTT 
TTCAAAAACTTCATCGCTCACAGTATGCGCGCCATAGCGTAACCATTT Al I lUlTA CTGT 
ATAGCT ATTTTGCATTAATACAGTCCCTGGCGTACCTGATGCACCAACCGTATCAATTAA 
TTGATAAGTAATACTATAACCATTACCCGATGGAACCACTT 

SEQ,IDN0:71 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the TbpA gene 
from Haemophilus influenzae (non-typeable) 

AATACAACAGCCGATACAACAACCAATAAAACAACCAATGCAATAACCGATGAAAAAAAC 
TTTAAGACGGAAGATATACTAAGTTrrGGTGAAGCTGATTATCTTTTAATTGACAATCAG 
CCT6TTCCGCTTTTACCTGAAAAAAATACTGATGATTTCATAAGTAGTA6GCATCATACT 
GTAGGAAATAAACGCTATAAAGTGGAAfiCATGTTCCAAGAATCTAAGCTATGTAAAATTT 
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GGTATCTATTATGAAGACCCACTTAAAQUU»AGAAAAACAAAAAGAAAAAGAAAAAGAC 
CAAGAAAAAAAAGAAAAAGAAAAACAAACGACGACAACATCTATCGAGACTTATTATCAA 
TTCTTATTAGGTCACCGTACTGCCAAG(X:C6ACATACCTGCAACG6GAAACCTCAAATAT 
CGCGGTAATTGGTTTGGTTATATTGGT(»TGACACGACATCTTACTCCACTACTGGA^ 
5 AAAAATGCTCTCGCCGAGTTTGATGTAAATTTTGCCGATAAAAACKrrAACAGGCGAATT^ 
AAACGACACGATAATGGAAATACCGTATTTAAAATTACTGCAGACCTTCAAAGTGCTAAG 
AATGACTTCACTGGTACAGCAACCGCAACAAATTTTGTAATAGATGGTAACAATAGTCAA 
ACTG6AAATACCCAAATTAATATTAAAACTGAAGTAAATGGGGCATTTTATGGACCTAAG 
GCTACAGAATTAGGCGGrTArrrCACCTATAACGGAAATTCTACAGCTAAAAATTCCTCA 
10 ACCGTACCTTCACCACCCAATTCACCAAATGCAAOUXrrOCAGTTGTGTTTGGAGCT 
AAACAACAAGTAGAAACAACCAAGTAATGGAATACTAAAAA 

SEQ.IDNO:72 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the TbpB gene 
15 from Haemophilus influenzae (HiRd) 

TAGAATTATA l IC TTATACAAAATTGATAA TTG r r CGCATTATC Al 1 H i 1 U ! lUi AAT 

AATGTCAACTTATAATTTTT T AAGTTCATGGATAAAATATGAAAAATGGCGTAAAACAAC 

TTTTTCT C TTATCATTAATAGGCTTATCATTAACGAATGTAGCTTGGGCAGAAGTTGCAC 

GTCCTAAAAATGATACATTGACAAATACGATTCAAAGTGCGGAATTAAAAACCTCCTCTT 
20 TTT CC T C IATGCCTAAGAAAGAAATACCAAATAGGCATATTATTt C T C TTTCCAAAAG CC 

AATTAGCCCACCATCCAAG CC II G Il l l t»U»TUU.r r AA TT CC » GC iri'ATATCAAAATA 

ACACTCAGGCA6TTCAACTGTTATTACCACTATATAAACAATTTCCTCAACAA6ATAATT 

TCTTACTAACTTGGGCAAAGGCTATTGAA GC T C GTGAACAAGGTGATTTAACTCAATCTA 

TTGCTTATTATCGTGAATTATTCGCTCGAGACGCATCTTTACTACCTTTACGTTATTAAT 
25 TAGCTCAAGCTCTATTTTTTAACTATGAAAATGAAGCTGCCAAAATTCAATTTGAAAAAT 

TACGTACAGAGGTAGATGATGAAAAATTTTTAGGTGTTATTGATaU^TATCTTTTAACAC 

TAAATCAGCGGAATCAATGGATATGGCAAGTAGGATTAAATTTTTTAAATGATGATAATT 

TGAATAACGCTCCAAAAAGTGGCAC A A A AATTGGTAGTTCSACCGCTTOG6AAAAAGAAA 

GTGGCCAGGGGSTA GGG T A T lC TTr A TCACTAGAAAAAAAATGGCCATGGGCAGATCATT 
30 TTTTTAGTAAAACTATGTTTAATGGGAATGGAAAATATTATTGGGATAATAAAAAATACA 

ATGAGGCTACTGTGCGTATAGGTG G T GG TTTACGCTATCAAACTGCCTCA G TT GA ACTCT 

SEQ.IDNO:73 

35 Nucleotide sequence of DNA region (1000 bp ) up-stream from the ESfA (pilin) 
gene from Haemophilus influenzae (LKP serotype 1 genome) 

TAATAAATTGCTCCATAAAGAGGTTTGTGCCTTATAAATAAGGCAATAAAGATTAATATA 

AACCGTTTATTAAAATG C CAAACGCTTAATAAACAGCAAA C T T I GH TT C CCAAAAAAAG 

TAAAAAACTCrrCCATTATATATATATATATATATAATTAAAGCCCTTTrrGAAAAATTT 
40 CAT A I H IT 1 T GAATTAATTC GC TGTAG G T I GGG F I T l rU TCCACATGCAGACATATAAA 

AAAGATTTGTAGGGTGGGCGTAAGCCCACGCGGAACATCATCAAACAACTGTAATGTTGT 

ATTAGGCACGGTGGGCTTATGCCTCGCCTACGGGGAAATGAATAAGGATAAATATGGGCT 

TAGCCCAGrrrATGGATTTAATTATGTTGAAATGGGGAAAACAATGTTTAAAAAAACACT 

TTT Ai X 1 11 lA CCGCACT Afl ' l ' l i IG CCGCACTTT G I GCAr 1 1 ItA GCCAATGCAGATGT 
45 GATTATCACTGGCACCAGACTGATTTATCCCGCTGGGCAAAAAAATGTTAXCGTGAAGTT 

AGAAAACAATGATGATTCGCCAI »lTTGGr6CA yCCTGGATT ^ 

AGCGAAATCAGGGCAAA G TTT GC GGATTAC G rr CA CAGGCAGCGAGC C T T T A CCTGATGA 
TCGCGAAA Ga ^'l^'ftl'IATTTTA A ITT GI T A GATATTCCGCCGAAACCTGATGCGGCATT 
50 TCTGGCAAAACAC^ 

TCGCCCTGCGAAACTCTCGATGGATTCTCGTGATGCAATGAAAAAAGTAGTGTTTAAAGC 
CACACCTGAAOGGGTGTTGGTGGATAATCAAACCCCTTATTATATGAACTACATTGGTTT 
CTTACATCAAAATAAACCTGCGAAAAATGTCAAAATGGTTG 

55 SEQ.IDNO:73 

Nucleotide sequence of DNA region (1000 bp ) up-stream from the fflfE (tip 
pilin) gene from Haemophilus influenzae (LKP serotype 1 genome) 

TAGTAGATTTCCGCACGGGCAAAAATACAATGGTGTTATTTAACCTCA LITI U CCAAATG 
GCGAGCCAGTGCCAATGGCATCCACCGCACAAGATAGCGAAGGGGCATTTGTGGGCGATG 
60 TGCTGCAAG&l' GG TGI G CI T T I C GCTAATAAACTTACCCAGCCAAAAGGCGAGTTAATCG 
TCAAATGGGGTGAGC6A6AAAGCGAACAATGCCGTTTCCAATATCAA6TTGATT1GGATA 
ACGCACAAATACAAASTCACGATATTCAATGCAAAACCGCAAAATAAATAATTGAAGAGG 
ATTTATGCAAAAAACACCCAAAAAATTAACCGC GLl TT'l' ttA TCAAAAATCCACTGCTAC 
TTGTAGTGGAGCAAATTATAGTGGAGOUUITTATAGTGGCTCAAAATGCTTTAGGTTTCA 
65 TCGTCTGGCTCTGCTTGCTTGCGTCGCTCTGCTTGATTGCATT^^ 

TGCTTACGATGGCAGAGTGAC C I T TCA AGGGGAGATTTTAAGTGATGGCA C T TGf A AAAT 
TGAAACAGACAGCCAAAATCGCACGGTTACCCTGCCAACAGTGGGAAAAGCTAATTTAAG 
CCACGCAGGGCAAACCGCCGCCCl -i TU I' tjCC TT T T f CC ATCACGTTAAAAGAATGCAATGC 
AGATGATGCTATGAAA6CTAATCTGCTATTTAAAGG6GGAGACAACACAACAGGGCAATC 
70 TTATCTTTCCAATAAGGCAGGC»ACGGCAAAGCCACCAACGTGGGCATTCAAATTGTCAA 
AGCCGATGGCATAGGCACGCCTATCAAG6TGGACGGCACCGAAGCCAACAGCGAAAAAGC 
CCCCGACACAGGTAAAGCGCAAAACGGaVCAGTTATTCAACCCCGTTTTGGCTACTTTGG 
CTCGTTATTACGCCACAGGTGAAGCCACCGCAGGCGACGrrGAAGCCACTGCAACmTG 
AAGTGCAGTATAACTAAAATATTTATTATCCAGTGAAAAAA 



75 
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SEQ.IDNO:75 

Nucleotide sequence of DNA region (1000 bp ) up-stream from tlie P2 gene from 
Haemophilus influenzae (HiRd) 

1 TTATCCGCTA ACATTTCATC AGTAATTCCA TGAACTTTAA TCGCATCAGG 
S 51 ATCJVNCGGGG CGATCTCGCT TMTATAAAT ATGAYAATTA TTACCTGTGT 

XOl AACGACGATT TATTAATTCA ACTGCACCAA TTTCAATAAT CCACTCTCCT 

151 TCATAATGCG CGCCAAGCTG ATTCATACCT GTAGTTTCA6 TATCTAATAC 

201 AATTTGGCGA TTGGGATTAA TCATTT G TT C AACCTATCTC TTTCCATTAA 

251 AAT ACTTG CC ATTCTACACA ACAACCTTTT TGTTATGCCK AAACAGATTG 
10 301 AAATTTTTAC TGATGGATCT TGCTTAGGTA ATCCAGGGGC GGGCGGAATT 

351 GGTGCCGTAT TGCGTTATAA ACAACATGAA AAAACACTCT CCAAAGGCTA 

401 TTTCCAAACC ACCAATAATC GAATGGAATT ACGCGCTGTC ATTGAAGCAT 

451 TAAATACATT AAAAGAACCT TGCTTGATCA CGCTTTATAG TGATAGCCAA 

501 TATATGAAAA ATGGCATAAC CAAATGGATC TTTAACTGGA AAAAAAATAA 
15 551 TTGGAAAGCA AGTTCTGGAA AGCCTGTAAA AAACCAAGAT TTATGGATAG 

601 CCTTAGATGA ATCCATCCAA CGTCATAAAA TTAATTGGCA ATGGGTAAAA 

651 GGCCATGCTG GACACAGAGA AAATGAAATT TGCGATGAAT TAGCAAAAAA 

701 AGGGGCAGAA AATCCGACAT TGGAAGATAT GGGGTACATA GAAGAATAAT 

751 ACAACTGATA TAACGTCATA TTTTTCGATA CCTAAAAATA TTTAATACTT 
20 801 AAACCTAAAA CAGAATAAAA AATAATCAAA TTCATTTAAA AAATGTGATC 

851 TCGA TCAGAT TTCAAGAAAA TTAAAATTTT GGAGTATTGA CATCAAAAAT 

901 TTTTTTTGTA AAGATGCAGC TCGTCCGTTT TGGCGATTGG ACAATTCTAT 

951 TGGAGAAAAG TTCAATCATA GATAGTAAAC AACCATAAGG AATACAAATT 
1001 A 

25 

SEQ.IDNO:76 

Nucleotide sequence of DNA coding region (partial) of tlie Moraxella Catarrlialis 
HtrB gene 

1 TCACTGCTT6 GTTTTTTAAG ATATGTACCG CTCTCAGTCC TGCATGGATT 
30 51 GGCGGCGTGT GCGTCTTATA TTTCCTATCA TTGCAGGCTT AGTATTTATC 

101 GCAGCATCCA AGCCAATTTA ATCTTGGTTC ACCCCAAGAT 6CCAGACGCA 

151 CAGCGGCAAA AACTCGCCAA ACAAATCCTA AAAAATCAGC TCATCAGTGC 

201 AGTCGACAGT CTTAAAACTT GGGCAATGCC ACCAAAATGG TCTATCGCAC 

251 AAATTAAAAC GGTTCATCAT GAAGATATCC TAATCAAAGC ACTTGCCAAT 
35 301 CCAAGTGGTA T GC TT GCCA T TGTGC C T CA T ATCGGCACTT GGGAGATGAT 

351 GAATGCTTGG CTCAATACCT TTGGCTCCCC TACTATCATG TATAAGCCCA 

401 TCAAAAATGC GGCGGTAGAT CG C TT TGT TT TACAGGGGCG TGAAAGACTA 

451 AATGCCAGCC TTGTACCCAC AGATGCTAGT G6TGTTAAGG CAATTTTTAA 

501 AACACTCAAA GCAGGTGGAT TTAGTATCAT ACTGCCCGAC CATGTACCTG 
40 551 ATCCATCAGG TGCTGA6ATT GCTCCTTTTT TTGGTATTAA AACCCTAACC 

601 AGTACGCTGG CGTCAAAGCT TGCTGCAAAA ACT GG TTGT G C TCTT G TT GG 

651 CTTAA6CTGT ATTCGGCGTG AAGATGGC6A TGGTTTTGAA AlTIlliGiJ 

701 ATGAATTAAA TGATGAACAA CTTTATTCAA AAAATACCAA AATTGCAACC 

751 ACTGCTTTAA ATGCTGCGAT GGAACAAATG ATTTATCCAC ATTTTTTGCA 
45 801 TTATATGTGG AGCTATCGTC GGTTCAAGCA TACACCACTA TTAAATAATC 

851 CTTATTTACT TAATGAAAAT GAGCTAAAAA AAATAOCCAT AAAGCTTCAA 

901 GCCATGTCAA AG6ATAGTTA TGAG 

Protala 8^: 25% Idmttty ud 33% •iailarlty iflth BtsB fm S. eoU 
50 1 SVLGFLRVVP LSVLHGLAAC A5YZSYHCRL SiyRSIQAHL ZLVHPKMPDA 

51 QRQKLAKQIL KNQLISAVDS LRTWAMPPKW SIAOZKTVKH EDZLZRALAM 

101 P5GMIAZVPH IGTHOOfllAlf LNTFGSPTIM YRPXKNAAVD RFVLQGREBL 

151 NASLVPTOAS GVKAIFRTLK AGGFSZZI.PO HVPDPSGGEI APFFGZKTLT 

201 STLASKLAAR TGCALVGLSC XRREOGOGFE ZFCYELNDEQ LYSKNTKZAT 
55 251 TALKGAMEQM ZYFHFLHYMM SYRRFKKTPL LNNPYLUIEN ELKKZAZXLQ 

301 AMSK0SY6 



SEQ.IDNO:77 

60 Nucleotide sequence of DNA coding region of tlie Neisseria (meningococcus B) 
HtrB gene 

I ATGTTTCGTT TACAATTCGG GCTGTTTCCC CCTTTGCGAA CCGCCATGCA 
51 CATCCTGTTG ACCGCCCTCC TCAAATGCCT CTCCCTGCTG CCACTTTCCT 

101 GTCTGCACAC GCTGGGAAAC CGGCTCGGAC ATCTGGCGTT TTACCTTTTA 
65 151 AAGGAAGACC GCGCGCGCAT CGTC GCCA AT ATGCGTCAGG CAGGCATGAA 

201 TCCCGACCCC AAAACACTCA AAGCCGTrTT TGCGGAAACG GCAAAAGGC6 

251 GrrrCGAACT TGCCCCCGCG TTTTTCAGAA AACCGGAAGA CATAGAAACA 

301 ATGTTCAAAG CGGTACACGG CTGGGAACAT GTGCAGCAGG C TTT G GACAA 

351 ACACGAAGGG CTGCTATTCA TCACGCCCCA CATCGGCAGC TACGATTTGG 
70 401 GCGGACGCTA CATCAGCCAG CAGCTTCCGT TCCCGCTGAC CGCCATGTAC 

451 AAACCGCCGA AAATCAAAGC GATAGACAAA ATCATGCAGG CGGGCAGGGT 

501 TCGCGGCAAA GGAAAAACCG CGCCTACCA6 CATACAAOGG GTCAAACAAA 

551 TCATCAAAGC CCTGC6TTC6 GGCGAAGCAA CCATCGTOCT GCCCGACCAC 
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601 GTCCCCTCCC CTCAAGIUIGG CGGGGAAGGC GTATGGGTG6 ATTTCTTCG6 
651 CAAACCTGCC TATACXATGA CGCTGGCGGC AAAATTGGCA CACGTCAAA6 
701 GCGTGAAAAC CCTCTTTTTC TGCTGCGAAC GCCTGCCTGG CGGACAACGT 
751 TTCGATTTGC ACATCCGCCC CGTCCAAGG6 GAATTGAACG GCGACAAAGC 
5 801 CCATGATGCC GCCGT6TTCA ACCGCAATGC CGAATATTGG ATACGCCGTT 
851 TTCCGACGCA GTATCTGTTT ATGTACAACC GCTACAAAAT GCCG 



Pmidn Seqnence • 30% Identity ud 38% sfnUartty 

1 MFRLQFGLFP PLRIAMRILL TALLKCLSLL PLSCLHTLGN RLGHLAFYLL 
10 51 KEDRARIVAM MRQAGMNPDP KTVKAVFAET ARGGLCLAPA PFRXPEOieT 
101 MFKAVHGffEH VQQALDKHEG LLFITPRIGS YDLGGRYISQ QLPFPLTANY 
151 KPPKIXAIOR IMQAGRVRGK GKTAPTSIQG VRQZIKALRS GEATZVI.POH 
201 VPSPQEGGCG VHVDrFGRPA mCTLAARLA HVKGVKTLFF CCERLPGGQG 
251 FDLHIRPVQG ELNGDKAHDA AVFNRHAEYW XRRFPTQYLF MYNRYKMP 

IS 

SEQ.IDNO:78 

Nucleotide sequence of DNA coding region of tlie Haemopliilus influenzae (non- 
typeable) HtrB gene 

1 ATGAAAAACG AAAAACTCCC TCAATTTCAA CCGCA C TTT T TAGCCCCAAA 

20 51 ATACT GGC TT TTTT GGC IAG GCGTGGCAAT TTGGCGAAGT ATTTTATGTC 

101 TTCCCTATCC TATTTTGCGC CATATTGGTC ATGGTTTCGG TTGGCTGTTT 

151 TCACATTTAA AAGTGGGTAA ACGTCGAOCT GCCATTGCAC GCCGTAATCT 

201 TGAACTTTGT TTCCC7GATA TGCCTGAAAA CGAACGTGAG ACGATTTTGC 

251 AAGAAAATCT TCGTTCA6TA GGCATGGCAA TTATCGAAAC TGGCATGGCT 

25 301 TGGTTTTGGT CGGATTCACG TATCAAAAAA TGGTCGAAAG TTGAAGGCTT 

351 ACATTATCTA AAAGAAAATC AAAAAGATG6 AATTGTTCTC GTCGGTGTTC 

401 ATTTCTTAAC GCTAGAACTT GGCOCACOCA TCATTGGRT ACATCATCCT 

451 GGGATTGGTG TTTATCGTCC AAATGATAAT CCTTTGCTTG ATTGGCTACA 

501 AACACAAGGC CGTTTACGCT CCAATAAAGA TATGCTTGAT CGTAAAGATT 

30 551 TACGCGGAAT GATCAAAGCT TTACGCCAC6 AAGAAACCAT TTGGTATGCG 

601 CCTGATCACG ATTACGGCAG AAAAAATGCC G IIITT GT T C CTTTTTTTGC 

651 AGTACCTGAC ACTTGCACTA CTACTGGTAG TTATTATTTA TTGAAATCCT 

701 CGCAAAACAG CAAA6TGATT CCATTTGCGC CATTACGCAA TAAAGATGGT 

751 TCAGGCTATA CCGTGAGTAT TTCAGCGCCT GTTGATTTTA CGGAmACA 

35 801 AGAtGAAACG GCGATTGCTG CGCGAATGAA TCAAATCGTA GAAAAGGAAA 

851 TCATGAAGGG CATATCACAA TATATGXGGC TACATCGCC6 TTTTAAAACA 

901 CGTCCAGATG AAAATACGCC TAGTT7ATAC GATTAA 



Pratehi Seqnence - 57% Identity and 66% rimiUrity with 

40 1 MXHEKLPQFQ PHFXAPKYWL FHLGVAIWRS ILCLPYPILR BIGHGFGHLF 

51 SHLKVGKRRA AIABIIIILELC FPOMPENERE TILQEinASV GMAIXETGMA 
101 WmSDSRIKK WSKVEGLHYL KEHQKOGIVL VGVHFLTLEL GARIZGLHHP 
151 GIGVYRPHDH PLLDWLQTQG RLRSMRDHLD RKOLRGMIKA LRHEETIWYA 
201 POHDYGRKHA VFVPFFAVPO TCTTIGSYYI. LK5S(^SKVI PFAPLRNKDG 

45 251 S6YTV5ISAP VDFTDLQDET AIAARMNQZV EKEZMKGISQ XHHLHRRFKT 
301 RPDENTPSLY D* 



SEQ.IDN6:79 

Nucleotide sequence of DNA coding region of tlie HaemopliDus influenzae (non- 
50 typeable) MsbB gene 

1 ATGTCGGATA ATCAACAAAA mACGTTTG ACGGCGA6AG TG6GCTAT6A 
51 AGCGCACTTT TCATGGTCGT ATTTAAAGCC TCAATATTGG GGGATTTGGC 

101 TTGGTATTTT CTTTTTATTG TTGTTAGCAT TTGTGCCTTT TCGTCTGCGC •. 

151 GATAAATTGA CGGGAAAATT AGGTATTTGG ATTGGGCATA AAGCAAAGAA 
55 201 ACAGC6TACG CGTGCACAAA CTAACTTOCA ATATTGTTTC CCTCATTGGA 

251 CTGAACAACA ACGTGAGCAA GTGAT TGATA AAATGTTTGC GGTTGTCGCT 

301 CAGGTTATGT TTGGTATTG6 TGAGATTGCC ATCCGTTCAA A6AAACATTT 

351 GCAAAAACGC AGCGAATTTA TCGGTCTTGA ACATATC6AA CA6GCAAAAG 

401 CTGAAGGAAA GAATATTATT CTTATGGTGC CACATGGCT6 GGCGATTGAT 
60 451 GCGTCTGGCA TTATTTTGCA CACTCAAGGC ATGCCAATGA CTTCTATGTA 

501 TAATCCACAC CGTAATCCAT TGGTGGATTG G C TTT G GACG ATTACACGCC 

551 AACGTTTCGG CGGAAAAATG CATGCACGCC AAAATGGTAT TAAACCTTTT 

601 TTAAGTCAT6 TTCGTAAAGG CGAAATGGGT TATTACTTAC CCGATGAA6A 

651 TTTTGGGGCG GAACAAAGCG TATTTGTTGA TTTCTTTGGG ACTTATAJVAG 
65 701 C6ACATTACC AGGGTTAAAT AAAATGGCAA AA C T T T C T A A AGCCGTTGTT 

751 ATTCCAATGT TTCCTC6TTA TAACGCTGAA AC6GGCAAAT ATGAAAT6GA 

aOl AATTCATCCT GCAATGAATT TAAGTGATGA TCCTGAACAA TCAGCCCGAG 

851 CAATGAACGA A6AAATAGAA TCmTGTTA CGCCAGCGCC AGAGCAATAT 

901 GTTTGGATTT TGCAATTATT GCGTACAAG6 AAA6ATGGC6 AAGATCTTTA 
70 951 TGATTAA 



Piocetn Sc«|iiaice .45% Mentlty and 56% simnarity with MshB E.€oU 

1 MSDNQQNLRL TARVGYEAHF SWSYLKPQYH GIWLGIFFLL LLAFVPFRLR 
51 DRLTGKLGIW XGHKAKKQRT RAOTNLOYCF PKWTEQQREQ VIOXMFAWA 
75 101 QVMFGZGBIA IRSKKHLQKR SEFIGLEHZE QAKAEGXHZZ LHVPRGHAID 
151 ASGZZLICTQ6 MPMrSKYNPH RMPLVDNLNT ZTRQRFG6KM HARQN6IKPF 
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201 LSHVRKGEMG rJfLPOEOraV EQSVFVOFFG TYKATLPCLN KMftKLSKAW 
251 IPMFFRYNAE TGKYEMEIHP AKNLSDDPSQ SARAHNEEIE SFVTPAPBQY 
301 WILQUMR KOGEDLYD* 



5 
10 

IS 
20 
25 
30 
35 

40 

45 
SO 
55 
60 
65 



SEQ.IDNO:80 

Nucleotide sequence of DNA coding region of tfie Moraxella catarrhalis MsbB 



1 ATGAGTTCCC ATCATCAGCA TAAGCAGACA CCCAAACACG CCATATCCAT 
51 TAACCATATG CCAAGCTTGA CAGATACTCA TAAACAAAGT AGCCAAGCTG 
101 AGCCAAAATC GTTTGAATGG GCGTTTTTAC ATCCCAAATA TTGCGGAGTT 
151 TGGCTGGCTT TTGCGTTGAT TTTACCGCTG ATTTTTCTAC CGCTGCGTTG 
201 GCAGTTTTGG ATCGGCAA6C G T C TT G GCAT TTTGGTACAT TACTTAGCTA 
251 AAAGCCGAGT TCAAGACACT CTAACCAACC TGCAGCTTAC CTTCCCAAAT 
301 CAACCAAAAT CAAAACACAA GGCCACCGCA CGGCAAGTAT TTATTAATCA 
351 AGGTATTGGT ATTTTTGAAA GTTTATGTGC AT GG TTT CGC CCTAATGTCT 
401 TTAAACGCAC TTTTAGCATT TCTGCTTTAC AGCATTTGAT TGATGCCCAA 
451 AAACAAAATA AAGCGGTGAT TTTACTTGGT GGACATCGCA CGACGCTTGA 
501 TTTGGGCG6T CGGTTATGTA CACAGTTTTT TGCGGCGGAC TGCGTGTATC 
551 GCCCACAAAA CAACCCTTTG CTTGAATG6T TTATCTATAA TG C ACGCCGC 
601 TGTATCTTTG ATGAGCAAAT CTCAAATCGT GATAT6AAAA AACTC ATCftC 
€51 TCGGCTCAAA CAAGGTCGGA TAATTTGGTA TTCACCTGAT CAAGATTTT6 
701 G TCTT G AGCA TGGCGTGATG GCGACCTTTT TTGGTGTCCC TGCAGCAACG 
751 ATTACCGCTC AGCGTCGTCT TATTAAGCTG GGTGATAAAG CCAATCCTCC 
801 TGTCATCATC ATGATGGATA TGCTCAGACA AACGCCCGAT TATATCGCAA 
851 AAGGTCACCG TCCACATTAT CACATCAGCC TAAGCGCTGT GTTAAAAAAT 
901 TATCCCAGCG ATGACGAAAC C6CC6A1GCT GAACGCATCA ATCGACTGAT 
951 TGIUiCAAAAT ATTCAAAAA6 ATTTAACCCA GT6GATGTGG TTTCATCGCC 
1001 GCTTTAAAAC TCAAGCCGAT GACACCAATT ACTATCAACA TTAATG 

Protein Sequence - 28% Identity end 37 eiailaxity with MabB ot JC. eoli 
1 MSCHHQHKQT PKHAISIKHM PSLTOTHKQS SOAEPKSFEW AFLHPKiniGV 
51 HIAFALZLPL IFLPLRMQFfI IGKRL6ILVH YLAKSRVQDT LTOLQLTFPN 
101 QPKSXHXATA RCfVFZNQGXG IFESLCAHFR PHVFKRTFSI SGLQHLIDAQ 
151 KQNKAVILLG GHRmOLGG RLCTQFFAAD CVYRPQNMPL LEffFIYllARR 
201 CIFDEQISMR DMKKLITRLK QGRIIirYSPD QDFGLEH6VM ATFFGVPAAT 
251 ITAQRRLIKL GDKANPPVIZ M40MLRQTPD YIARGHRPHY HISLSAVLECH 
301 YPSDOSTADA ERINRLZEON IQRDLTQKHN FHRRFKTOAO OTNYYOH* 

SEQ,IDN0:81 

Nucleotide sequence of DNA coding region of the Neisseria (menin 
MsbB gene 

I ATGAAATTTA T ATTTTTIG T ACTGTATGTT TTGCAGIIXC TGCCGTTTGC 
51 GCTGCTGCAC AAACTTGCCG ACCTGACGG6 TTTGCTCGCC TACCTTTTG6 
101 TCAAACCCCG CCGCCGTATC GGCGAAATCA ATTTGGCAAA ATGCTTTCCC 
ISl GAGTGGGACG GAAAAAAGCG CGAAACCGTA TTGAAGCAGC ATTTCAAACA 
201 TATGGCGAAA CTGATGCTTG AATACCGCTT ATATTGGTAC GCGCCTGCCG 
251 GGCGTTTGAA ATCGCTG6TG CGTTACCGCA ATAAGCATTA TTTGGACGAC 
301 GCGCTGGCGG CGGGGGAAAA AGTCATCATT CTGTACCCGC ACTTCACCGC 
351 GTTC G AGATG GCGGTGTACG CGCTTAATCA GGATGTACCG CTGATCAGTA 
401 TGT A TTCCCA CCAAAAAAAC AAGATATTGG ACCCACACAT TTTGAAAGGC 
451 C6CAACCGCT ACGACAATGT CTTCCTTATC GGGCGCACC6 AAG SC GT GCG 
501 CG C CCTC G TC AAACA G TT CC GCAAAAGCA6 CGCGCCGTTT CTGTATCTOC 
551 CCGATCAGGA TTTCGGACGC AACGATTCG6 TTTTTGrGGA TTTTTTCGGT 
601 ATTCAGACGG CAAC6ATTAC CGGCTTGAGC CGCATTGCCG CGCTTGCAAA 
651 TGCAAAAGT6 ATACCCGCCA TCCCCGTCC6 CG A GGOGSAC AATACGGTTA 
701 CATTGCATTT CTACCCGGCT TGGGAATCCT TTCCGAGTGA AGATGCGCA6 
751 GCCGACGCCC AGCGCATGAA CCGTTTTATC GAGGAACCGT 6CGC6AACAT 
601 CCCGAGCACT ATTTTTGGCT GCACAACCGT TT C AAAACC C GTCCGGAAGG 
851 CAGCCCCGAT TTTTACTGAT ACGTAA 

Pratdn Sequence - 25% identity and 36% idcetity with MsbB £ coH 

1 MKFIFFVLYV LOFLPfALLH KLAOLTGLLA YLLVKPRRRI GEIHLAKCFP 
51 EHDGRKRETV LRQRFKHMAK UOXYGLYWY APAGRLKSI.V RYRMKHYLDD 
101 AXAAGEmi LYPHFTAFEM AVYALNQDVP LISHYSaQKN KZLDAQILKG 
151 RHRYDNVIXI 6RTBGVRALV KOFRKSSAPF LYLPDQDrGR HDSVFVDITG 
201 IQTATZTGLS RXAALANAKV IFAIPVREAD NTVTLHFYPA HBSFPSEOAQ 
251 AaAQRHNRFI EEFCAHXPSS XFGCTSVSRP VRKAAPIfTD T* 
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We Claim: 

I. A genetically-engineered bleb preparation from a Gram-negative bacterial 
5 strain characterized in that said preparation is obtainable by employing one or riiore 
processes selected from the following group: 

a) a process of reducing immunodominant variable or non-protective antigens 
within the bleb preparation comprising the steps of determining the 
identity of such antigen, ragineering a bacterial strain to produce less or 

10 none of said antigen, and making blebs from said strain; 

b) a process of upregulating expression of protective OMP antigens within 
die bleb preparation comprising the steps of identifying such antigen, 
engineering a bacterial strain so as to introduce a stronger promoter 
sequence upstream of a gene encoding said antigen such that said gene is 

15 expressed at a level higher dian in die non-modified bleb, and making 

blebs from said strain; 

c) a process of u|mgulating esqnnession of conditionally-expressed, protective 
OMP antigens widiin the bleb preparation conqirising the stqis of 
identifying such an antigen, engineering a bacterial strain so as to remove 

20 the repressive control mechanisms of its expression, and making blebs 

from said strain; 

d) a process of modifying lipid A poition of bacterial LPS widiin the bleb 
preparation, comprising the steps of identifying a gene involved in 
rendering the Upid A portion of LPS toxic, engineering a bacterial strain so 

25 as to reduce or switch off e}q>ression of said gene, and making blebs from 

said strain; 

e) a process of modifying lipid A portion of bacterial LPS within the bleb 
preparation, comprising the steps of identifying a gene involved in 
rendering die lipid A portion of LPS less toxic, engineering a bacterial 

30 strain so as to introduce a stronger promoter sequence upstream of said 

gene such that said gene is o^ressed at a level higher than in the non- 
modified bleb, and making blebs from said strain; 

|0O 
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f) a process of reducing lipid A toxicity within the bleb preparation and 
increasing the levels of protective antigens, comprising the steps of 
engineering the chromosome of a bacterial strain to incorporate a gene 
encoding a Polymyxin A peptide, or a derivative or analogue thereof, fused 
to a protective antigen, and making bld>s from said strain; or 

g) a process of creating conserved OMP antigens on the bleb prq)aration 
comprising the steps of identifying such antigen, engineering a bacterial 
strain so as to delete variable regions of a gene encoding said antigen, and 
making blebs from said strain. 



10 



2. The genetically-engineered bleb preparation of Claim. 1, wherein said 
preparation is obtainable by employing one or more further processes selected from 
the following group: 

h) a process of reducing expression within the bleb preparation of an antigen 
15 which shares a structural similarity with a human structure and may be 

capable of inducing an auto-immune response in humans, comprising (he 
steps of identifying a gae involved in the biosynthesis of the antigen, 
engineering a bacterial strain so as to reduce or switch off expression of 
said gene, and making blebs from said strain; or 
20 0 A process of upregulating expression of protective OMP antigens widiin 

the bleb preparation comprising the steps of identifying such antigen, 
engineering a bacterial strain so as to introduce into die chromosome one 
or more further copies of a gene encoding said antigen controlled by a 
heterologous, stronger promoter sequence, and making blebs from said 
25 strain. 

3. The bleb preparation of claim 1 or 2, wherein the engineering steps of 
processes a), b), c), d), e), h) and i) are carried out by homologous recombination 
events between a sequence of at least 30 nucleotides on the bacterial chromosome, 

30 and a sequence of at least 30 nucleotides on a vector transformed within the strain. 
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4. The bleb preparation of claim 3, wherein the engineering steps are earned out 
by double cross-over homologous recombination events between two sequences of at 
least 30 nucleotides on the bacterial chromosome separated by nucleotide sequence 

and two sequences of at least 30 nucleotides on a vector transformed within the 
5 strain separated by nucleotide sequence *Y\ wherein during the recombination event 
X and Y are interchanged. 

5. The bleb preparation of claim 4, wherein the two nucleotide sequences are of 
approximately the same length, and wherein the vector is a linear DNA molecule. 

10 

6. The bleb preparation of claim 4 or S, wherein the recombination events of 
processes a), b), c), d), e) and h) are carried out wiAin the region of the chromosome 
1000 bp upstream of the initiation codon of the gene of interest 

15 7. The bleb preparaticm of claim 6, wherein for process a), d) or h) nucleotide 
sequence X comprises part of the promoter region of the gene, and nucleotide 
sequence Y comprises eiibisr a weak promoter region, or no promoter region. 

8. The bleb preparation of claim 6, wherein for process b) or e) nucleotide 
20 sequence Y conq>rises a strong promoter region for the bacterium. 

9. The bleb preparation of claim 8, wherein nucleotide sequence Y is inserted 
200-600 bp upstream of the initiation codon of the gene of interest 

25 10. The bleb preparation of claim 9, wherein nucleotide sequence Y is inserted 
approximately 400 bp upstream of the initiation codon of the gene of interest 

1 1 . The bleb preparation of claim 6, wherein for process c) nucleotide sequence X 
comprises part of die repressive control sequence of die promoter, and nucleotide 
30 sequence Y comprises no such sequence. 
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12. The bleb prqmation of claim 4 or S, wherein the recombination events of 
processes a), d)» and h) are carried out such that nucleotide sequence X comprises part 
of the coding sequence of the gene of interest 

5 13. The bleb preparation of claim 4 or 5, wherein the recombination events of 
process i) is carried out such that nucleotide sequence Y comprises the further copy of 
the gene within an expression cassette. 

14. The bleb preparation of claims 1-13 isolated from a modified Neisseria 
10 meningitidis B strain. 

15. The bleb preparation of claim 14, obtainable by employing at least process b) 
and/or i), wherein one or more genes are upregulated from a list comprising: NspA, 
Hsf-like, Hap. PorA, PorB, OMP85. PUQ, PldA, FrpB. TbpA, TbpB, FrpA, FrpC, 

15 LbpA, LbpB, FhaB, HasR, lipoQ2. Tbp2 0ipo28), MltA (lipo30), and ctrA. 

16. The bleb preparation of claim 14 or IS, obtainable by employing at least 
process a), wherein one or more genes are downregulated from a list comprising: 
PorA, PorB, PilC, TbpA, TbpB, LbpA, LbpB, Opa, and Opc. 

20 

17. The bleb preparation of claims 14-16, obtainable by employing at least process 

d) , wherein one or more genes are dowruegulated from a list comprising: htrB, msbB 
and IpxK. 

25 18. The bleb preparation of claims 14-17, obtainable by employing at least process 

e) , wherein one or more genes are upregulated from a list comprising: pmrA, pmrB, 
pmrE,andpmrF. 

19. The bleb preparation of claims 14-18, obtainable by employing at least process 
30 c), wherein the repressive control sequence of the promoter is the^r operator region 
of either or bodi of the TbpB or LbpB genes. 
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20. The bleb preparation of claims 14-19, obtainable by employing at least process 
h), wherein one or more genes are downregulated from a list comprising: galE, siaA, 
siaB, siaC, siaD, ctrA, ctrB, ctrC, and ctrD. 

5 21. The bleb preparation of claims 1-13 isolated from a modified Moraxella 
catarrhalis strain. 

22. The bleb preparation of claim 21, obtainable by employing at least process b) 
and/or i), wherein one or more genes are I4)regulated from a list comprising: 

10 OMP106, HasR, PilQ, 0MP8S, lipo06, lipolO, lipoU, Upol8, P6, ompCD, CopB, 
DIS. OmplAl, Hly3, LbpA, LbpB, TbpA, TbpB, OmpE, UspAl, UspA2, and 
Omp21. 

23. The bleb preparation of claim 21 or 22, obtainable by employing at least 
15 process a), wherein one or more genes are downregulated from a list comprising: 

CopB, OMP106, OmpBl, TbpA, TbpB, LbpA, and LbpB. 

24. The bleb preparation of claims 21-23, obtainable by employing at least process 

d) , wherein one or more genes are downregulated from a list comprising: htrB, msbB 
20 and IpxK. 

25. The bleb preparation of claims 2 1-24, obtainable by en^)loying at least process 

e) , wherein one or more genes are upregulated from a list comprising: pmrA, pmrB, 
pmrE,andpmrF. 

25 

26. The bleb preparation of ckiims 1-13 isolated from a modified Haemophilus 
influenzae strain. 

27. The bleb preparation of claim 26, obtainable by enq)loying at least process b) 
30 and/or i), wherein one or more genes are upregulated from a list conqjrising: Dl 5, P6, 

TbpA, TbpB, P2, P5, OMP26, HMWl, HMW2, HMW3, HMW4, Hia, Hsf; Hap, 
Hin47,andHif. ^ 
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28. The bleb preparation of claim 26 or 27, obtainable by employing at least 
process a), wherein one or more genes are downregulated from a list comprising: P2, 
P5, Hif, IgAl-protease, HgpA, HgpB. HMWl, HMW2, Hxu, TbpA, and TbpB. 

5 

29. The bleb preparation of claims 26-28, obtainable by employing at least process 

d) , wherein one or more genes are downregulated from a list comprising: htrB, msbB 
andlpxK. 

10 30. The bleb preparation of claims 26-29, obtainable by employing at least process 

e) , wherein one or more genes are upregulated from a list comprising: pmrA, pmrB, 
pmrE, andpmrF. 

31. A genetically-engineered bleb preparation from a Gram-negative bacterial 
15 strain characterized in that said preparation is obtainable by employing a process 
comprising the steps of: introducing a heterologous gene, optionally controlled by a 
strong promoter sequence, into the chromosome by homologous recombination, and 
making blebs from said straiiL 

20 32. The bleb preparation of claim 31, wherein the Gram-negative strain is 
Neisseria gonorrhoeae^ and the heterologous gene is a protective OMP from C. 
trachomatis. 

33. The bid) prq)aration of claim 31, wherein die Gram-negative strain is 
25 Haemophilus influenzae^ and the heterologous gene is a protective OMP from 

Moraxdla catarrhalis, 

34. The bleb preparation of claim 31, wherein the Gram-negative strain is 
Moraxdla catarrhalis^ and die heterologous gene is a protective OMP from 

30 Haemophilus influenzae. 



MS 
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35. A vaccine comprising &e bleb preparation of claims 1-34 and a 
phannaceutically acceptable excipient 

36. A meningococcal vaccine con^rising the bleb preparation of claims 14-20 and 
5 one or more plain or conjugated meningococcal C2q>sular polysaccharides selected 

from the serotypes A, C, Y or W. 

37. A meningitis vaccine comprising the preparation of claims 14-20 or the bld> 
preparation of claim 32, a conjugated H. influenzae b C2^)sular polysaccharide, and 

ID one or more plain or conjugated pneumococcal cs^sular polysaccharides. 

38. An otitis media vaccine comprising the bleb preparation of claims 21-25 and 
one or more plain or conjugated pneumococcal capsular polysaccharides, and one or 
more antigens diat can protect a host against non-typeable H. influenzae infection. 

IS 

39. An otitis media vaccine comprising the bleb preparation of claims 26-30 and 
one or more plain or conjugated pneumococcal capsular polysaccharides, and one Oi 
more antigens that can protect a host against Moraxella catarrhalis infection. 

20 40. The otitis media vaccine of claim 38 or 39, wherein fbs vaccine additionally 
comprises one or more protein antigens that can protect a host against Streptococcus 
pneumoniae and/or one or more antigens Oat can protect a host against RSV and/or 
one or more antigens that can protect a host against infhienT^ virus. 

25 41 . A vector suitable for performing &e recombination events described in claims 
3-34. 

42. A modified Gram-negative bacterial strain from which the bleb prq>aration of 
claims 1-34 is made. 

30 

43. An inmiuno-protective and non-toxic Gram-negative bleb, ^ost, or killed 
whole cell vaccine suitable for paediatric use. 
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44. An isolated polynucleotide sequence which hybridises under highly stringent 
conditions to at least a 30 nucleotide portion of die nucleotides in SEQ ID NO: 2-23, 
25, 27-81 or a complementaiy strand thereof. 

5 

45. The isolated polynucleotide sequence of claim 44 comprising at least 30 
. nucleotides. 

46. The isolated polynucleotide sequence of claim 45 conq)rising at least 30 
10 nucleotides of SEQ ID NO: 2-23, 25, 27-8 1 or a complementary strand thereof. 

47. Use of the isolated polynucleotide sequence of claims 44-46 in perfonning a 
homologous recombination event witfiin 1000 bp iq>stream of a Gram-negadve 
bacterial chromosomal gene in order to either increase or decrease expression of said 

15 gme. 

48. A process of genetically upregulating expression of a gene within a Giam- 
negative bacterial strain comprising the steps of: making a vector comprising a strong 
promoter sequence and a nucleotide sequence of at least 30 nucleotides which is 

20 capable of recombination with a sequence of at least 30 nucleotides in the 1000 bp 
upstream of the gene, transforming a bacterial strain with ttie vector, and performing a 
homologous recombination event between the chromosome and the vector to 
introduce the promoter within 1000 bp upstream of the initiation codon of die gene. 

25 49. The process of claim 48, wherein the promoter is introduced within 200-600 
bp upstream of the initiation codon of the gene. 

50. The process of claim 49, wherein die promoter is introduced approximately 
400 bp upstream of die inidation codon of the gene. 

30 

51. The process of claim 48-50, wherein die homologous recombination event is 
effected dirough a double cross-over between two sequences of at least 30 nucleotides 
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on the bacterial chromosome sq>arated by nucleotide sequence *X\ and two 
sequences of at least 30 nucleotides on the vector separated by nucleotide sequence 
*Y* which comprises the strong promoter sequence, wherein the vector is a linear 
nucleotide sequence, and wherein during the recombination event X and Y are 
5 interchanged. 

52. The process of claim SI, wherein the two nucleotide sequences are of 
approximately the same length. ' 

10 S3. A modified bacterial strain obtainable by the processes of claims 48-S2. 

S4. A method to produce a genedcally-engineered bleb preparation from a Gram- 
negative bacterial strain by employing one or more processes selected from the 
following groiq): 

IS a) a process of reducing inununodominant variable or non-protective 

antigens within the bleb preparation comprising Hhe steps of detennining the identity 
of such antigen, engineering a bacterial strain to produce less or none of said antigen, 
and making blebs from said strain; 

b) a process of tq>regulating e?q)ression of protective OMP antigras 
20 within die bleb preparation comprising die steps of idmtifying such antigen, 

engineering a bacterial strain so as to introduce a stronger promoter sequence 
upstream of a gene encoding said antigen such diat said gene is expressed at a level 
higher than in the non-modified bleb, and making blebs from said strain; 

c) a process of upregulating expression of conditionally-expressed, 
2S protective OMP antigens within die bleb preparation comprising the steps of 

identifying such an antigen, engineering a bacterial strain so as to remove die 
repressive control mechanisms of its expression, and making blebs from said strain; 

d) a process of modifying lipid A portion of bacterial LPS widiin the bleb 
preparation, conq)rising the steps of identifying a gene involved in rendering die lipid 

30 A portion of LPS toxic, engineering a bacterial strain so as to reduce or switch ofT 
expression of said gene, and making blebs from said strain; 
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e) a process of modifying lipid A portion of bacterial LPS within the bleb 
preparation, comprising the steps of identifying a gene involved in rendering the lipid 
A portion of LPS less toxic, engineering a bacterial strain so as to introduce a stronger 
promoter sequence upstream of said gene such that said gene is expressed at a level 

5 higher tfian in the non-modified bleb, and making blebs from said strain; 

f) a process of reducing lipid A toxicity within the bleb preparation and 
increasing the levels of protective antigens, comprising the steps of engineering the 
chromosome of a bacterial strain to incorporate a gene encoding a Polymyxin A 
peptide, or a derivative or analogue thereof, fused to a protective antigen, and making 

10 blebs fix>m said strain; 

g) a process of creating conserved OMP antigens on the bleb preparation 
comprising the steps of identifying such antigen, engineering a bacterial strain so as to 
delete variable regions of a gene encoding said antigen, and making blebs from said 
strain; 

15 h) a process of reducing e7q>ression widiin the bleb preparation of an 

antigen which shares a structural similarity with a human structure and may be 
c^iable of inducing an auto-immune response in humans, comprising die stq>s of 
identifymg a gene involved in the biosyndiesis of the antigen, engineering a bacterial 
strain so as to reduce or switch off ^ression of said gene, and making blebs from 

20 said strain; or 

i) a process of upregulating expression of protective OMP antigens 
within the bleb preparation comprising the steps of identifying such antigen, 
engineering a bacterial strain so as to introduce into die chromosome one or more 
further copies of a gene encoding said antigen controlled by a heterologous, stronger 
25 promoter sequence, and making bld>s from said strain. 

SS. A method of inununizing a human host against a disease caused by infection 
of one or more of the following: Neisseria meningitidis, Neisseria gonorrhoeae, 
Haemophilus influenza, Moraxella catarrfaalis, Pseudomonas aeruginosa. Chlamydia 
30 trachomatis. Chlamydia pneumonia, which method comprises administering to the 
host an inununoprotective dose of die bleb preparation of claims 1-34. 

>1 
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56. Use of the bleb preparation of claims 1*34 in the manu&cture of a medicaxnant 
for immunizing a human host against a disease caused by infection of one or more of 
die following: Neisseria meningitidis. Neisseria gonorrhoeae, Haemophilus influenza, 
Moraxella catarrfaalis, Pseudomonas aeruginosa. Chlamydia trachomatis, Chlamydia 
5 pneumonia. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figures 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 

Schematic representation of the recombinant PCR strategy used to delete 
the lacO in the chimeric porAAacO promoter. 
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Figure 13 
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Figure 14 
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Figure 15 
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Figure 16 
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Figure 17 
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